28 September 2007 | $10 


Science 


See What You’ve Been Missing 


PrimeFect™ Primary Cell Transfection Reagents 


Now you can get more data from your primar 
PrimeFect™ and Il DNA Transfection R 
and PrimeFect™ siRNA Transfection Reagent, for siRNA deliver 
offer th n high transf eff 

and low 


¥y cell transfections. 
gents for DNA delivery, 


advantages of pro 

jlotoxicity with primary cells. And with Clonet 
and Poietics® Primary Cells, you have the full package for great 
results, 


For more information go to ww om/primefect 


Unless otherwise noted, all rademarks herein are marks ofthe! 
‘Copyright 2007,LonzaWakkersvill, Inc. WWW.lonza.com 


nea Group or ts affiliate 


= High transfection efficiency: Achieve superior expr 


ina variety of c 
= Low cytotoxicity: Maintain cell density and obtain higher 
yield from transfections 
= Transfection in the presence or absence of serum: No media 
changes are required 


= Easy to use: Simply mixreagent with sample and apply 


LONZG 


R&D Systems Quantikine’ ELISA Kits 


The standard by which immunoassays are measured. 
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Assay technologies by QIAGEN 


Rely on QIAGEN assay technologies for. = 
Multiplex PCR assays 
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GENETICS 
Paired-End Mapping Reveals Extensive Structural Variation 

in the Human Genome 

1.0. Korbel et al. 

Sequencing of structure variations over segments of DNA from two individuals of 
different ethnic groups showed unespected levels of diversity. 


10.1126/science.1149504 


GENETICS 
Wasp Gene Expression Supports an Evolutionary Link Between 
Maternal Behavior and Eusociality 
ALL Toth etal. 
Analysis of a set of genes expressed in the brain ofa primitive wasp shows that 
the care shown by worker wasps toward siblings probably evolved from maternal 
care behavior. 
10.1126/science.1146647 
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CUIMATE CHANGE 
Southem Hemisphere and Deep-Sea Warming Led Deglacial 
‘Atmospheric CO, Rise and Tropical Warming 

L Stott, A Timmermann, R. Thunell 

Dating of benthic versus near-surface plankton ina Pacific Ocean core shows that 
southern high latitudes warmed 1500 years before the tropics during the last 
deglaciation. 


>> News story p 1887 
— 10.1126/science.1143791 


‘ASTRONOMY 
A Bright Millisecond Radio Burst of Extragalactic Ori 
D.R. Lorimer, M. Bailes, M.A, McLaughlin, D. J. Narkevic, F. Crawford 
‘rapid and powerful burst of radio waves is found through an analysis of archival 
pulsar data, suggestive of a new class of radio bursts, perhaps from a supernova 
10.11.26/science.1147532 


TECHNICAL COMMENT ABSTRACTS 
OCEANS 


‘Comment on "A Semi-Empirical Approach to 


Projecting Future Sea-Level Rise” 
5. Holgate, S. Jevrejeva, P. Woodworth, S. Brewer 


1866 


Comment on "A Semi-Empirical Approach to Projecting 
Future Sea-Level Rise” 
T. Schmith, S. Johansen, P.Thejll 


Response to Comments on “A Semi-Empirical Approach to 


Projecting Future Sea-Level Rise” 
S. Rahmstorf 


REVIEW 

CHEMISTRY 

Fluorine in Pharmaceuticals: Looking Beyond 
Intuition 

K. Miller, . Faeh, F Diederich 


BREVIA 

PALEONTOLOGY 

Correlated Evolution and Dietary Change in 
Fossil Stickleback 

M.A, Purnell etal 

‘Wear patterns in fossilized teeth show that Miocene sticklebacks 
switched from surface- to bottom-feeding over 20,000 years, 
‘implying that changes in diet drove their evolution. 


REPORTS 

PLANETARY SCIENCE 

The Dark Side of the Rings of Uranus 

de Poter etal. 

Images of Uranus’ rings, which are currently oriented edge-on 
to arth, reveal large changes in dust distribution since Voyager's 
sit 20 years ago 
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1888 
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PHYSICS 


Probing Quantum Commutation Rules by Addition 1890 


and Subtraction of Single Photons to/from a 
Light Field 

V. Parigi, A. Zavatta, M. Kim, M. Bellini 

{An experiment shows that quantum addition is not commutative: 
‘Adding a single photon toa ight field and then subtracting one 
produces a different result than subtracting fist 


PHYSICS 
‘Symmetrized Characterization of Noisy 1893 
‘Quantum Processes 

J. Emerson etal. 

‘Asymmetry-based approach dramatically reduces the number 

‘of measurements needed to describe the decoherence of a 

quantum system, a necessity for practical information storage. 
APPLIED PHYSICS 

Nuclei-Induced Frequency Focusing of 1896 
Electron Spin Coherence 

A. Geilich etal. 


Laser pulses can tune spin precessions of electrons in an ensemble 
cof singly charged quantum dots to well-defined modes that remain 
stable inthe dark fr tens of minutes. 
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(GEOCHEMISTRY 
Late Archean Biospheric Oxygenation and 1900 
‘Atmospheric Evolution 

AJ. Kaufman et a. 

‘AWhiff of Oxygen Before the Great Oxidation Event? 1903 
A.D. Anbar etal. 

Sulfur isotopes and trace elements imply that oxygen levels 

in Earth’ atmosphere rse briefly 50 to 100 miion years 

before the major increase 2.4 billion years ago. 

ARCHAEOLOGY 

Stone Adze Compositions and the Extent of 1907 
‘Ancient Polynesian Voyaging and Trade 


KD. Collerson and M. |. Weisler 
‘sotopic and chemical data trace Polynesian adze heads on the 
Tuamotus to nearby sand sources and to the Hawaiian Islands, 
4000 km to the north, showing an extensive trade network. 
DEVELOPMENTAL BIOLOGY 

Synchrony Dynamics During initiation, Failure, ©1911 
and Rescue of the Segmentation Clock 

TH Riedel-Kruse, C. Miller, A.C. Oates 

‘Amodel of the segmentation clock, coupled genetic oscillators 

that sequentially generate the body segments of animals, 
successfully predict the results of system perturbations. 


ECOLOGY 


Rapid Emergence of Baculovirus Resistance in 1916 
Codling Moth Due to Dominant, Sex-Linked Inheritance 
5S. Asser-Koiser et al. 


Mothshave developed an unusual type of resistance to a widely used, 
environmentally benign vra pesticide, explaining recent damage to 
apple cropsin Germany and France. 
NEUROSCIENCE 
Transcranial Magnetic Stimulation Elicits Coupled 1918 
Neural and Hemodynamic Consequences 
EAA. Allen, 8. N. Pasley, I Duong, R. D. Freeman 
‘A procedure that targets circumscribed brain regions in people and 
‘animals suppresses and desynchronizes neural activity, effects that 
ae faithfully reflected by brain imaging methods. 

News sory p. 1846 
GENETICS 
Genomic Minimalism in the Early Diverging 1921 
intestinal Parasite Giardia lamblia 
The genome of the pathogenic intestinal parasite Giardio 
reveals simplified metabolic systems, unexpected evidence 
of sexual reproduction, and specialized dasses of protein. 


no Perspective p. 1875 
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GENETICS 
Whole-Genome Shotgun Sequencing of Mitochondria 1927 
from Ancient Hair Shafts 

MTP Gilbertetal. 

[Mitochondrial DNA can be successfully sequenced from 

woolly mammoth hair kept ether frozen in permafrost 

(or at room temperature in a museum for 200 years 

STRUCTURAL BIOLOGY 

‘Structures of the CCRS N Terminus and of a 1930 
‘Tyrosine-Sulfated Antibody with HIV-1 9p120 and CD4 

C Huang etal 

‘conserved region inthe HIV-1 envelope glycoprotein binds 

toa sulfated tyrosine during entry into host calls, providing 

possible target for therapeutics. 

NEUROSCIENCE 


The Slit Receptor EVA-1 Coactivates a 1934 
SA Rabo Mediated Guidance Signal in C. elegans 

K. Fujisawa, JL. Wrana, J. G. Culotti 

previously unknown membrane receptor helps guide developing 


‘axons in the nematode nervous system, 
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Kelp wanted. 


SCIENCENOW 
ww. sciencenow.org DAllY NEWS COVERAG: 


In the Deep, a Tropical Surprise 
Kelp forests may exist throughout the tropics, a new study finds. 
‘Space Germs Could Yield Earthly Cures 

Taking bacteria on a shuttle ride reveals some of their 

best-kept secrets, 


Twinkle, Twinkle, Lonely Stars 
Astronomers discover a stellar hatchery far outside 
«a galany’s main body. 


Day length influences behavior. 


SCIENCE'S STKE 

wirwssthe.org_ SIGNAL TRANSDUCTION KNOWLEDGE ENVIRONMEN 
PERSPECTIVE: Gene-Hormone-Environment Interactions 

in the Regulation of Aggressive Responses: Elegant Analysis 
‘of Complex Behavior 

D. Pfaff and R. Silver 

The effects of estrogen on behavior are modulated by day length. 
PROTOCOL: Studying Integrin-Mediated Cell Adhesion at the 
Single-Molecule Level Using AFM Force Spectroscopy 

CM. Franz, A. loubenberger, P-H. Puech, D. J. Muller 

Forces between adhesion receptors and their ligands can now be 
measured atthe level of single molecules. 

GLOSSARY 

Find out what Smo, Ptc, and Gas mean in the world of 

cell signaling. 
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US: Tooting Up—The 


Instinct: Rarely Taught 


in Academia, But Fostered in Industry 


. Jensen 


Industry employers relish the killer instinct in scientists 
GLOBAL: Mastering Your Ph.0.—Progress Reviews 


With impact 


8, Noordam and P. Gosting 


Here are some tips for geting a progress review with the answers 


and a plan you need. 


IMISCINET: Educated Woman, Postdoc Edition, Chapter 9— 


‘The Postdoc Has Two Faces 


M. P. DeWhyse 


‘Micella attempts to figure out how to make i through 
the next 2 months without her head spitting, 


US: From the Archives—Writing a Research Plan 


J. Austin 


Wiiting an effective research plan san important part of your 


development as a scientist. 


\SCIENCEPODCAST 


Download the 28 September 
Science Podcast to hear about 
clues to wasp eusociality, 
ancient Polynesian trading, 
and the winners of this year’s 
Science and Engineering 
Visualization Challenge. 

mn siencemag or akow/pndcas. tl 
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AC 


CENTENNIAL 


American Association 
for Cancer Research 


Upcoming AACR Meetings 


and Conferences 


Join the world’s leading cancer researchers for the latest findings 


and most important scientific advances at these conference 


October 31-November 3, 2007 
‘The Role of Non-Coding RNAs in Cancer 
Philip A. Sharp, René Bemards, and Todd R. Golub, 
Chairpersons 

Cambridge, Massachusetts 


November 48, 2007 
AACR Centennial Conference: 
Translational Cancer Medicine: Technologies 
to Treatment 

Edison T. Liu and William N. Halt, Chainpersons, 
Singapore 

November 14-17, 2007 

‘Advances in Colon Cancer Research 

Monica M, Bertagnoll, Hans Clevers, and 
Raymond N. DuBois, Chairpersons 

Cambridge, Massachusetts 

November 27-30, 2007 

The Science of Cancer Health Disparities in 
Racial/Ethnic Minorities and the Medically 
Underserved 

tn conjunction with the ACR Minorities in Cancer 
Research Council 

John D. Carpten, Timothy R. Rebbeck, and 
Olufunmilayo 1. Olopade, Program Committee 
Chaipersons 

Atlanta, Georgia 

December 5:8, 2007 

6th Annual International Conference on 
Frontiers in Cancer Prevention Research 
Andrew J. Dannenberg, 

Program Committee Chairperson 

lelphia, Pennsylvania 


December 6:9, 2007 

The Role of Telomeres and Telomerase 
in Cancer Research 

Maria A. Blasco, Woodring E. Wright, and 
Virginia A. Zakian, Chaitpersons 

San Francisco, California 


January 22-25, 2008 
Ubiquitin and Cancer: From Molecular 
Targets and Mechanisms to the Clinic 
Claudio Joazeio, Tony Hunter, and 

Kenneth C. Anderson, Chaimpersons 

San Diego, California 

February 3-5, 2008 

Cytoskeleton Signaling in Cancer 
Rakesh Kumar and Alan Hall, Chairpersons 
San Diego, California 


February 12-15, 2008 
The Role of Cancer Stem Cells in the 
Initiation and Propagation of 
Tumorigenesis 

John E, Dick and Jane Visvader Chairpersons 
Los Angeles, California 


February 24-26, 2008 
Energy Balance and Cancer: 

Mediators and Mechanisms 

Joint AACR-Transdisciplinary Research on 
Energetics and Cancer (TREC) Conference 
‘Nathan A. Berger, John D. Potts, Kathryn H. 
‘Schmitz, and Cornelia M. Ulich, Chaitpersons 
Lansdowne, Virginia 


March 15-18, 2008 
‘Advances in Cancer Research: 
From the Laboratory to the Clinic 
‘Samit N. Khleif Chaieperson 

Dead Sea, Jordan 


April 12-16, 2008 
‘AACR Annual Meeting 

Eileen P. White, Program Committee Chairperson 
San Diego, California 


‘May 20-23, 2008 
Candidate Pathways, Whole Genome Scans: 
Reconciling Results, Looking into the 
Future 

{mn conjunction with the Molecular Epidemiology 
Working Group of the AACR, 

Comelia M. Ulrich and Stephen Chanock, 

Chai 

Carefree, Arizona 


May 28:31, 2008 
Cancer Epigenetics 

Jeane Pierre sa and Peter W. Laird, Chairpersons 
Boston, Massachusetts 

July 21-24, 2008 

‘AACR Centennial Conference: 
Translational Cancer Medicine 
Chairperson TBD 

‘Monterey, California 

‘August 3-7, 2008 

Joint Metastasis Research Society-AACR 
Conference on Metastasis 

Danny R. Welch, Chairperson 

‘Vancouver, British Columbia, Canada 


Fall, 2008 

‘Omics to Clinics: Translation of Cancer 
Genome insight Into Therapeutics and 
Diagnostics 

Lynda Chin, Joe W. Gray, William R. Sellers, and 
Richard L. Schilsky, Chairpersons 

Location TBA 


October 13-17, 2008 
Chemical and Biological Aspects of 
Inflammation and Cancer 

Michael Karn, Lisa M. Coussens, and 

Lawrence 1. Mamet, Chairpersons 

Ko Olina, Oahu, Hawaii 

October 21:24, 2008 

EORTC-NCI-AACR International 
Conference on Molecular Targets and 
Cancer Therapeutics 

Patick Schoffski, James H. Doroshow, and 

Eric H. Rubin, Scientific Committee Chaipersons 
Geneva, Switzedand 

November 3-6, 2008 

‘AACR Centennial Conference: Impact of 
Emerging Technologies on Cancer 
Diagnosis and Therapeutics 

‘Michael B. Kastan, Joseph D. Rosenblatt, 

and Moshe Oren, Chairpersons 

Jerusalem, trael 


November 11-14, 2008 
Targeting the PI3-Kinase Pathway 
in Cancer Prevention 

Lewis C. Cantley and Charles L. Sawyers, 
Chairpersons 

Cambridge, Massachusetts 


November 16-19, 2008 
Seventh Annual International Conference 
‘on Frontiers in Cancer Prevention Research 
Chairperson TBD 

Washington, DC 

December 25, 2008 

‘Tumor immunology 

Louis M. Weiner, Olivera J Finn, 

‘Alexander M.M. Eggermont, and 

Dmitry 1. Gabrlovich, Chairpersons 

Miami, Florida 


‘Therapeutics, and Prevention 
‘Anthony T.C. Chan, Chairperson 
‘Waun Ki Hong, Honorary Chairperson 
Hong Kong, China 


Conference details are subject to change so please visit www.aacr.orgimeetingcalendar for regular updates. 


Fluorinated Drugs 
on the Rise 


Organofluorine substituents are playing an 
increasingly important role in synthetic small 
‘molecule pharmaceuticals, including such major 
drugs Lipitor and Prozac. n a review, Miller et 
al, (p. 1881) hightight the emerging understand 
ing of how fluorine interacts with proteins during 
docking events. Elucidation of these itermolecu- 
{ar interactions complements more traditional 
paradigms of fluorine’s electron-withdrawing 
effects, which influence substrate basicity, 
and its wide-ranging stereoelectronic impact 
‘on substrate conformation. The discussion is 
supported by analysis gleaned from exten 
sive searches of structural databases 


Quantum Noise 
Reduction 


Asuccessful quantum computer must over- 
come decoherence effects caused by interac- 
tions with its environment. Such effects could be 
mitigated if they fully characterized, which in 
principle can be done by process tomography. 
However, this process requires resources that 
{grow exponentially with the number of qubits in 
the system, which renders it impractical. Emerson 
et al. (p. 1893; see the Perspective by Bacon) 
describe a theoretical technique through which 
key features of the decoherence can be effi 
ciently measured, which reduces the number of 
experiments from exponential to polynomial 

The authors present an experimental implemen- 
tation of the method on quantum-information 


www.sciencemag.org 
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When Quantum Arithmetic 
Doesn't Add Up 


If you add an item to your shopping basket and then 
remove one that is identical, your total bill does not 
change. if you shop in a quantum supermarket, however, 
the probabilities and the sequence of adding or subtract 
ing to your shopping basket matter and can change the 
total. Parigi etal. (. 1890; see the Perspective by Boyd et 
al.) demonstrate this counterintuitive behavior for pho- 
tons in a light field. Adding or subtracting a single photon 
to or froma light field produces a different result depend- 
ing on the sequence of the event, with the final state of 
light field being different from the initial one. This capa- 
bility of engineering the quantum state of a light may 
prove useful in areas such as quantum communication. 


processors based on liquid-state and solid-state 
‘nuclear magnetic resonance methods 


Up in the Air 
Widespread free oxygen is thought to have 
evolved in Earth’s atmosphere only after about 
2.4 billion years ago. Candidates for the cause of 
increase include dynamic effects in the planet's 
interior, escape of hydrogen, or the evolution of 
cyanobacteria. Anbar 
etal. (p. 1903) and 
Kaufman et al. 
(0.1900) examined 
the geochemistry of 
a detailed section 
obtained in a drill 
core through the 
Mount McRae Shale, 
Western Australia, 
dated to about 2.5 
bilion years ago. 
They used trace ele 
ment chemistry (partic- 
Ularly of molybdenum and rherium, which 
respond to oxidative weathering) and the mass- 
independent fractionation of sulfur isotopes 
(which can indicate the lack of abundant ozone) to 
trace the presence of fee oxygen. The dat ind 
‘ate the first hints of atmospheric oxygen, but sill 
at low evel, a this time. 


Seen On Edge 

Ina rare alignment, the plane of Uranus’ rings 
appeared edge-on to Earth in August 2007. This 
unusual configuration reveals the unlit side of 


the rings, including faint rings that are bright- 
‘ened by scattered light. With the Keck telescope 
in Hawai, de Pater et al. (p. 1888, published 
online 23 August) snapped an infrared picture of 
the side-on rings. Diffuse dust envelops the 
entire ring system but is unconnected with any 
particular ring or feature. The pattern of dust has 
changed significantly since the rings were first 
photographed by the Voyager spacecraft in 
1986, which indicates that such changes are 
common in the solar system and occur on much 
larger scales than had been expected. 


Spin, All Together Now 
‘Manipulation of the spin of an electron in a sin- 
gle quantum dot isa strong contender for quan- 
tum-information processing protocols. However, 
‘the spin dynamics of each dot depend strongly 
on environment, and the distribution resulting 
from dot-to-dot variability presents a formidable 
problem in addressing a system with many 
quantum dots. Greilich et al. (p. 1896) report 
on femtosecond magneto-optical pump-probe 
experiments on an ensemble of self-assembled 
semiconductor quantum dots. A sequence of 
laser pulses can induce all ofthe electronic spins 
across the ensemble to precess coherently. As the 
spin information is stored in the nuclear spin, 
this process effectively results in a long-term 
memory for the electronic phase information. 


Hawaiian Getaways 


Some Polynesian legends describe voyages from 
Hawai'i back to other Polynesian islands, but 


Continued on page 1831 
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cDNA Synthesis for qPGR 


Exceptional representation from less,starting material every time. 


Introducing qScript™, from Quanta BioSciences the new 
standard for reproducibility, specificity, speed, and sensitivity 
in cDNA synthesis for gPCR. No other product delivers 
better sample representation, faster and easier. qScript™ 
is available in several formats: 
‘ qScript™ cDNA Supermix: The frst and only optimized 
ne-tube 1st strand cDNA synthesis for 2-step RT-PCR. 
* qScript™ cDNA Synthesis Kit: Broad reproducibility 
for2-step RT-PCR. 
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+ qScript™ Flex cDNA Kit: Priming flexibility and 
sensitivity for Ist strand cDNA synthesis. 

* qScript™ One-Step qRT-PCR Kit: Maximum RT-PCR 
efficiency sensitivity, and specifiy 

‘The founders of Quanta Biosciences have a legacy of leading the 

evelopment of pioneering reagents including SuperScript® 

1 Step RT-PCR kts, Patinum* Tag, Scipt™ andiQ™Superix 

Scripts their latest industry-defining product. 

To learn more about gScript™ visit quantabio.com 
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This Week in Science 


Continued from page 1829 


‘evidence for these return trips has been lacking. Collerson and Weisler (p. 1907; see the Perspec- 
tive by Finney) have examined the chemistry of 19 basalt adzes collected on a coral atoll in the 
Tuamotus to trace their origin, The data link many of the adzes to nearby istands, but the isotope and 
trace element chemistry uniquely links one to Hawai‘, 3400 kilometers away. Thus, the Polynesians 
hhad a maritime trade network extending over thousands of kilometers and some repeated contact 
with Hawai’, 


Viral Pesticide Resistance 

Although insect resistance to chemical agents is well documented, there is little information on virus 
‘insecticides. Generally, these have been considered safe reagents, with little prospect of resistance 
developing in the host; however, resistance to the codling moth granulovirus has been observed in 
field populations. Asser-Kaiser et al. (p. 1916) now show that the resistance factor is @ Z sex-linked 
feature. After selection, a population was isolated that was 10,000- to 100,000-fold more resistant to 
the virus challenge, which is considerably higher than the naturally resistant field strains. 


Giving the Brain a 
Magnetic Massage 


‘Transcranial magnetic stimulation (TMS) is an increasingly 
‘common technique used to selectively modify neural process- 
ing. Although TMS reportedly alters neural and hemodynamic 
activity, basic neurophysiological evidence for these effects is 
largely unexplored. Allen et al. (p. 1918; see the news story 
by Miller) applied TMS to anesthetized cats while measuring 
‘neural and hemodynamic activity simultaneously in a co-localized 
tegion of the neocortex, and provide quantitative data on the 
‘neural effects of TMS and how they relate to standard neuro- 
imaging techniques. These results also provide insight into the 
‘mechanisms of brain plasticity that are thought to underlie 
long-lasting therapeutic effects of TMS. 


Parasitic Evolutionary Oddity 

Giardia is a common intestinal protozoan parasite and an important human disease agent. 
Morrison et al. (p. 1921; see the Perspective by Keeling) offer a genome analysis of Giardia 
that reveals a wealth of unusual attributes, including an extremely simplified metabolic capacity 
relating to its parasitic life-style; little DNA heterozygosity in a cell thought to lack a sexual cycle; 
functionally enigmatic amino acid insertions in otherwise conserved regions of proteins; an 
unusual actin cytoskeleton that lacks conventional myosin; and simplified DNA replication and 
RNA processing machinery. 


Mammoth Mitochondrial Sequencing Effort 

Ancient DNA survives well in hair, is found in copious quantities in cold environments, and can be 
decontaminated easily. Gilbert et al. (p. 1927) used these advantages to completely sequence the 
mitochondrial genomes af 13 Siberian woolly mammoths. One of the samples came from the Adams 
mammoth, which was found in 1799 and has been stored at ambient temperatures for the last 200 
years. This finding will facilitate analysis of samples of organisms that can only be found in museums. 


Sulfated Tyrosine and HIV Entry 

In order for human immunodeficiency virus type 1 (HIV-1) to enter host cells, its envelope glycopro- 
_= tein gp120 must bind to the host-cell surface receptor CD4 and to a co-receptor. An unusual post- 
E translational modification, tyrosine sulfation, is important to the co-receptor interaction. Huang et al. 
3 (p. 1930) have investigated HIV-1 9p120 interactions with 3 sulfated N-terminal peptide from the 

co-receptor CCRS and determined the crystal structure of a tyrosine-sulfated antibody in complex with 
gp120 and CD4. A conserved site in gp120 recognizes sulfo-tyrosine and might be a target for design 
of therapeutics. 
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EDITORIAL 


European Young Investigators 


SCIENCE IS INTERNATIONAL, BUT ITS FUNDING AND ADMINISTRATION ARE USUALLY A 
‘matter for governments of nation states. In Europe, this ballanization leads to problems; perhaps 
the worst finding peer reviewers when, in a small country, applicants for support may have few 
peers. Of course, the definition of ‘peer”is not always clear, and it can be difficult to identify real 
experts ina field unless ones init. That creates a problem, because supporting anything less than 
superior research wastes taxpayers’ money. Ina small country, identifying quality depends on the 
fair and accurate opinions of foreign experts. 

Having dealt successfully with this problem, a Europe-wide collaboration to fund basic 
research through a program called the European Young Investigators ((EURY 1}; wwwesf ong 
activities/euryi him] has sent four cohorts of outstanding young European scientists into their 
posts with substantial research support since 2004. For better or worse, that program, which sup- 
ported research ranging from theoretical physics to sociology, made its final 
appointments this year. The good news is that almost 100 investigators got 
‘grants of up to 250,000 euros per year for 5 years with no strings attached. 
‘An important question now is whether the European Research Council 
(ERC) will manage a similar program (Young Investigator Programme) 
with the same attention to the freedom and independence of young 
investigators that became a hallmark of EURY 

The EURY!I scheme was hatched by a roster of research councils from 
all over Europe, encouraged and administered by the European Science 
Foundation. Heads of the research councils wanted to promote European, 
rather than national, science and were concerned about career structures 
in the European Research Area. EURY! arrived when the Framework 
Programmes of the European Union (EU) were already in place, but the 
latter were not intended to support basic research. Rather, the EU awards are 
Contracts, not grants, with milestones and deliverables that are more appropriate to enginecrin 
projects than to the foggy uncertainties of basic research. And European scientists have long 
‘complained about the application paperwork required for EU support. Really, the only mystery is 
why it took so long to set up a simple grant scheme such as EURY Ito support young scientists 

‘A suceessfal EURY Lawardee had typically made an important discovery asa graduate student, 
made another as a postdoctoral fellow abroad, often in the United States, and then returned to 
Europe to set up a thriving laboratory. | chaired the Life Sciences and Medical Sciences selection 
process during EURYI's 4 years and was very heartened by what I stw: administrators, panelist 
candidates, and their institutions all enthusiastically supporting the program’s mission and 
structure (rigorous review by national and international panels), no matter where they came from. 

EURY1's success was quickly evident from the growth of the award’s prestige, the increase in 
the mutual trust ofthe participating organizations, and the scientific contributions ofthe EURY I 
scholars. Countries entered and left the program, some disappointed by theirlack of success, but 
it was important—and a surprise—that there was no “juste retour” in the EURYI scheme. A 
nation could submit candidates for consideration in proportion to its financial contribution, but 
there was no guarantee that any of them would be successful 

‘What of the future? EURYI has ended because the ERC is now set up with similar aims 
and a larger budget. The 19 countries of EURYI are enlarged to the 27 of the EU. The 
2000 applicants over 4 years of EURY I increased to 9000 in the first year of the ERC. That's a 
good sign. Administering these schemes is a lot of work, but well worth it. We must hope that 
the ERC’s new program builds on the firm foundations of trust, fairness, consistency, and 
continuity that helped EURY! successfully transcend national boundaries. The ERC must 
allow young scientists in Europe the responsibility and freedom for independent discoveries and 
rightful credit. Giving young scientists independence is (alas) still not universal throughout 
Europe. The EURY! awards were, as my friend said, “In comparison to the regular EU grants, 
something that scientists really like” Is that so terrible? 


Tim Hunt 


10.1126)sclence.1150256 
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‘The 100,000 or so ships that make up the global commercial and military fleet collectively travel billions of vessel-mies every 
year, producing a large fraction of the pollution contributed by fossil fuel burning in the transportation sector. In addition to 
the direct radiative effects of their emissions, caused by the light-scattering properties of the particles themselves, aerosols from 
the exhaust plumes can produce thin Lines of very Low clouds in the marine boundary layer, an example of the aerosol indirect 
effect. Ithas been shown that the loca effects of these clouds can be large, up to 100 Win? (for comparison, the average solar 
flux at the top of the atmosphere is about 340 Wim), but how large an influence they exert on the global albedo has been an 
unresolved concem. Schreier et ol. analyzed a full year of satellite data derived from ENVISAT AATSR (Environmental Satellite 
‘Advanced Along-Track Scanning Radiometer) in order to estimate the siz of the radiative forcing caused by ship tracks. They 
found that, contrary to fears arising from previous global model estimates, the global annual mean radiative forcing from ship 
tracks was small, 0.4 to 0.6 mWi?, and negligible compared to estimates of total net anthropogenic radiative forcing, 0.6 to 
2.4 Wim?. Thus, it seems that ship tracks are too inconsequential to affect the rate of anthropogenic global warming. — HS 


MOLECULAR BloLoGy 
Regulation Revealed Under Stress 


In most eukatyotic genes, the protein-coding 
sequences are interrupted by noncoding introns. 
These introns are removed from the pre-mRNA 
transcript by RNA splicing, a process that pro- 
vides an additional and sometimes critical ayer 
of gene regulation. Unlike more complex organ- 
‘sms, few genes in the yeast Saccharomyces 
cerevisiae contain introns. In those that do, the 
splice site sequences often conform to a strict 
consensus, making it unlikely that the use of 
alternative splice sites figures in the differential 
expression of genes. Intriguingly, though, ribo- 
somal protein genes (RPGs)—components of 
the mRNA translation machinery—are the 
largest class of intron-containing genes. 

Pleiss etal. show that amino acid starvation, 
which induces a general repression of transla~ 
tion, also results in a rapid and specific reduc- 
tion in the splicing efficiency of nearly alt 
{ntron-containing RPG transcripts. This is not 
merely an effect of stressful circumstances, 
because exposure to high levels of ethanol does, 
not have an effect on RPG splicing; rather the 
splicing of distinct sets of transcripts is either 
down- or up-regulated. The yet-to-be-discovered 
regulatory mechanisms, which other evidence 
suggests could be mediated by core, rather than 
accessory, spliceosomal components, probably 
explain the evolutionary retention of introns in 
these groups of yeast genes and, given the con- 
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servation of the RNA splicing machinery, similar 
‘mechanisms may pervade pre-mRNA splicing in 
hhigher eukaryotes. — GR 
‘Mol. Cell27, 10.1016/, mole. 2007.07.018 
(2007). 


chemistey 
A Hot Dip Before Swimming 


‘Most solution routes for nanoparticle synthesis 
proceed in nonpolar solvents and achieve size 
selectivity in part by capping the surtaces with 
hydrophobic groups. However, after this prepara- 
tion, many applications require dispersing the 
nanoparticles in aqueous solvents. Ligand 
exchange reactions can be used to introduce 
capping agents that bear hydrophilic 

groups on their ends, but these 
reactions, which often run 
near room temperature, 
tend to be incomplete, 
and can lead to aggre- 
gation if ligand des- 
orption dominates 
and exposes the 
underlying surfaces. 
Zhang et al. have devel 

oped a robust method for 2 

exchanging hydrophobic cap- ad 
ping groups with short-chain 

polyelectrolytes such as polylacrytic acid). 

‘The reactions run in polar solvent such as diethyl- 
ene glycol with a high boiling point (in this case, 


% 
& 


Geophys. Res, Ltt, 34, (17814 (2007. 


~245°C). The multivalent polyelectrolytes help 
displace the hydrophobic ligands while minimiz- 
ing surface exposure, The properties of several 
rnanoparticles—magnetism for iron oxides, photo- 
«catalysis for titanium dioxide, and photolumines- 
‘cence for cadmium selenide—were maintained or 
‘even improved after such processing. — PDS 
‘Nano Lett. 7, 10.102n1073928t (2007) 


pavsics 
Stimulated Symmetry 


‘Whereas the underlying parameters of condensed 
matter systems may be fixed, thereby limiting the 
pphase space in which to vary the material proper- 
ties, the ability to tune and manipulate atoms or 
molecules trapped in an optical latice opens up 
that phase space. With success demonstrated 
already in systems with fsotropic symmetry, 
asin the case ofthe superfluid-to-Mott- 
insulator transition of bosons on a 
square lattice, interests now in 
2 describing systems with an 
anisotropic symmetry in the order 
parameter. Hemmerich and Morais 
-= Smith describe a scenario for imprint- 
ing a d.-? wave symmetry onto an 
array of polarizable bosons confined to a 
two-dimensional (20) optical lattice. They 
show theoretically that exciting the atoms by stim- 
ulated Raman scattering can result in the forma- 
tion of a checkerboard-lke pattem of staggered 


| flux states on adjacent plaquettes ofthe 2D lat- 


www sciencemag.org 
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tice, resulting in a d-vave momentum distribu- 
tion. The proposed scenario offers the prospect of 
engineering optical latices for the modeling of 
‘complex interacting phenomena from the likes of 
high-temperature superconductivty to magnetic 
frustration. — 150 

Piys. Re, Let 99, 113002 (2007) 


siocnemistay 
Acquiring a Trace Element 


tron, as the central element in heme cofactors or 
as part of metal clusters, endaws enzymes with the 
Capacity to carry outa much wider range of redox 
teactions (such as those in respiration and photo- 
synthesis) than is supported by the functional 
‘groups of the genetically encoded amino acids. 
Hence, the acquisition of iron is highly competi 
tive endeavor, and as ocean supplementation 
experiments have shown, iron can be a limiting 
‘utrient for the growth of plankton. Nevertheless, 
‘marine organisms face a special challenge 
because iron in an aqueous and aerabic environ 


iment of neutral pH is present mostly in insoluble 
forms. The bacterial solution has been the manu- 
facture and secretion of siderophores, small mole- 
ules that chelate Fe(). Following on their prev 
(us identification of a borate-siderophore interac 
tion, Harris et ol. providea fuller characterization 
ofthe equilibria in the reaction of B(OH), and vib- 
rioferrin, a siderophore of Marinobacter spp. The 
tetrahedral coordination of B10 by the pair of 
c-hydroxycarboxylate moieties in vibrioferrin is 
highly pH-dependent, and accounting forthe pro- 
tons contributed by the hydroxyls as well as one 
donated by solvent allowed the authors to assem: 
ble the formal binding constants for the multiple 
borate-vibriferrin compleres. Extending this 
analysis tothe other two types of siderophores— 
the catecholates and the hydroxamates—tevealed 
that the former are also competent to bind boron 
whereas the latter are not. Whether any ofthese 
capabilities are in fact used by the siderophore 
producers is as yet unclear, though low-pH envi- 
ronments may be one place to look. — GJC 

J. Am. Chem, Soc. 129, 10.1021/)9073788y (2007). 


<< Preventing Transformation 


The oncogene c-Myc, which encodes a transcription factor, is well 
‘known fo its ability to transform cells. However, not all cells are equally 
sensitive to ¢-Myc~induced transformation. Partanen et al. compared t 
the responses of organized epithelial 
acini and of disorganized or imma- 
ture acini formed from mammary epithelial cells to the trans 
forming ability of a form of c-Myc (MycER™) activated by cell 
exposure to tamoxifen. When epithelial cells were plated in 
Matrigel (a three-dimensional celt culture environment pre- 
pared from an extract of extracellular matrix) and MycER™ was 
activated right away, the cells formed misshapen acini and some 
cells could be seen in the luminal space. On the other hand, 
cells grown in the absence of activated c-Myc formed symmetri 
cal acini with an empty lumen, and the acini were smaller. if 
tamoxifen was added after the cells had already formed organ- 
ized acinar structures, then c-Myc lost its oncogenic activity: The 
morphology and size of the acini were unchanged, and cell pro- 
liferation was not induced. Cells in which the kinase LKB1 
(implicated in the establishment of cellular polarity) was 
silenced formed disorganized acini with disrupted cell polarity 
when cultured in Matrigel. However, these LKB1-deficient cells 
did become quiescent. Activation of c-Myc in the LKB1-deficient 
cells stimulated reentry into the cell cycle, thus confirming the 
potency of epithelial organization as a brake for oncogenic 
transformation. The authors also addressed the apoptotic activ 
ity of c-Myc, which sensitized cells of fully organized acini to 
TRAIL (a death-inducing agent that activates apoptosis) and 
revealed that both TRAIL and Myc were required to promote apoptosis. However, in LKB1-deficient 
cells with disorganized acini or immature acini, the activation of MycER' or TRAIL caused 
apoptosis, and these two agents had an additive effect on cell death. Thus, disorganized epithelia 
are more sensitive to both the cell-proliferative and apoptotic effects of c-Myc. — NRG 

Proc. Natl. Acad. Sci USA. 104, 14694 (2007). 
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nnoun: Applied Biosystems SOLID™ System 


Setting the standard in next-generation technology, the SOLID™ System is the only platform to provide the accuracy, 
throughput and scalability required to enable exciting new applications beyond the boundaries of traditional genetic 
analysis. The company that automated sequencing now introduces a genomic platform with the power to break the 
barriers into a new generation of discovery. 


To join the new generation, visit s 
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Now recruiting master teachers and scientists faculty for Fall 2009. For further details on specific 
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Don’t Be Late! 


you're itching to visit other stars, better zip, 
ver to London first. On 15 November, the 
British interplanetary Society (BIS) will host a 
workshop titled “Warp Drive, Faster Than Light 
Breaking the Interstellar Distance Barrier.” 

“Warp” refers to the fact that space and 
time can bend, stretch, and shrink. The confer~ 
ence is based on work by theoretical physicist 
Miguel Alcubierre, now at the National 
Autonomous University of Mexico in Mexico 
City, who in 1994 showed that Einstein's gen- 
eral theory of relativity, which equates gravity 
with the bending of space and time, could allow 
for faster-than-light propulsion. He noted that 
because the universe is expanding, two distant 
galaxies can move apart faster than light with- 
‘ut either one’s moving that fast relative to the 
space around it. Run the film backward, and 
the galaxies rush toward each other. Combining 
the effects, Alcubierre showed that in theory, 
‘one could move a patch of ordinary space 
superfast by shrinking space in front of it and 
stretching space behind it to make a “warp 
bubble.” 


Warp bubble. 


There's a hitch, however. The scheme 
requires "negative energy,” which does nat exist 
as far as anyone knows. “The idea was to make a 
fine point about general relativity, not really to 
have any practical means of traveling faster 
than light," says Alcubierre, who wil not attend 
the conference. Physicist Richard Taylor, a con- 
sultant to B1S, saysit's still “quite exciting to let 
real scientists talk about things that are almost 
off-limits.” 


A]Juicy Match 

Following up on an intriguing clue from 
Vietnam, researchers in Florida are studying 
whether guava trees can control a devastating 
plant disease called citrus greening. Spread by 
aphidlike insects called psyllids, the bacterial 
disease makes fruit taste nasty and then kills 
trees. Itwas first spotted in Florida 2 years ago, 
but citrus grawers have yet to figure out how to 
beat it (Science, 28 April 2006, p. 523). 

U.S, Department of Agriculture (USDA) 
researchers recently learned that in Vietnam, 
‘orange groves planted with guava trees were 
disease-free. So they went to look for them- 
selves. “It was pretty much incredible,” says 
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When you think of an invasive species, the freshwater jellyfish Craspedacusta 
sowerbyi (above) probably ist what comes to mind, But the Chinese native 
has a firm tentacle-hold in the United States and now tives from coast to coast 
To find out more about this and other aquatic interlopers, visit the 
NNiSbase Web site from the Smithsonian Environmental Research Center in 
Edgewater, Maryland. The site allows you to simultaneously scan nine databases 
that cover areas as far apart as the Gulf of Mexico, the Mediterranean Sea, and 
Australia. There are links to images, fact sheets, museum records, and species accounts from 
the taxonomy hub ITIS. C. sowerbyi, you can learn, probably hitched a ride to the United States 
in omamental water plants shipped from the Yangtze River valley. >> 


wuwnisbase.org 


entomologist David Hal. “I never found a psy- 
lid in the interplanted fields.” The USDA team is 
now planting some 10,000 guava saplings in 
test orchards. Hall says it will take at least a year 
toseeif these guava varieties, different frm 
those in Vietnam, ward off paylid in Florida 
‘orange tees, which are nat planted as densely 
as thay are in Vietnam, Denise Fiber, a 
spokesperson forthe Florida Department of 
Agriculture, says she’s cautiously optimistic but 
points out that guava trees attract fut 

Mies, which could complicate the pic- 

ture. Ultimately the scientists sy, ; 
compounds from guava extracts 
raihibe els ays Ayr 
Disappearing 
Tongues 


(Of 6900 Languages spoken in the world 
today, 6300 are in danger of going extinct, 
say two linguists who have mapped the world’s 
“language hot spots.” 

Gregory Anderson and K. David Harrison, a 
visiting professor at Swarthmore College in 
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Pennsylvania, have taken the concept of “bio- 
diversity hotspots” and applied it to languages, 
using criteria that include “genetic diversity”: the 
ratio of languages to language families, Bolivia, 
for example, has as many language lineages as 
Europe but far fewer languages, which means its 
language diversity is threatened. Other hot spots 
are in North America, Siberia, and Australia, 
The pait, who are documenting 
languages with high-tech equipment 
= from the National Geographic 
Society, have ust returned 
from northern Australia, 
whose 231 aboriginal 
languages—from 
50 different language 
families—are almost 
all endangered. They 
found a lone speaker 
of Amurdag, a lan- 
guage that had been 
thought extinct, and 
three known speakers 
each of two other 
languages, Magati Ke 
and Yawuru. 


“Old Man” Patrick 
Nanudjul, one of the 
last three speakers 
of Magati Ke. 
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Who should attend 
‘Academic and industry researchers, clinicians, biopharma- 
‘ceutical executives, and government and advocacy leaders 


To learn more and to register 
Jog on to wwwangio.org or call 617.576.5708 
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Drug Development Resources for the Academic! 
Not-for-Profit Investigator 


On a competitive basis, the NIH offers certain critical 
resources needed for the development of new small 
molecule therapeutic agents, The NIH-RAID Pilot is 
nota grant program, Successful projects will gain 
access to the government's contract resoure i 
include: Synthesis in bulk of s 

Synthesis 
peptides; Scale-up production; Development of 
tion of natural 
products; Pharmacokinetic/ ADME studies includi 
bioanalytical method development; Development of 
suitable formulations; Manufacture of phase 1 drug 
supplies; Range-finding initial toxicology; IND~ 
directed toxicology; Product development planning and 
advice in IND preparation. The program also is open to 
US. applicants. 


analytical methods; Isolation and pur 


no 


Applications are received electronically through 
Grants.gov. Ideas arising solely from # corporate source 
‘without academic collaborators are not eligible, 
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NIH-RAID Pilot Program Office 
}4-4660; nih-raid@mail.nih.gov 
http://nihroadmap.nih.gov/raid 
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The first World Conference on Research 
Integrity drew 300 people from 52 coun- 
tries last week to Lisbon, Portugal 
Science caught up with one of its organiz~ 
ers, Nicholas Steneck of the U.S. Office 
of Research Integrity, which joined with 
the European Science Foundation to initi- 
ate the event. 


Q: Did the conference achieve what you 
wanted? 

My expectations changed significantly 
over time, I had overestimated the level of 


engagement [on this issue] in many other 
6, and therefore we had to back 
up and do more basic education. From 


that perspective, I'm enormously pleased. 
Q: One speaker called plagiarism a “vic 
timless crime.” Were you disappointed 
by that? 

Raising that question is important. 1 
have often said that plagiarism may 
have a positive outcome ... because it 
still spreads scientific information. 
We really do need to assess which 
behaviors are having the biggest impact 
on research integrity 


Q: Norway has established a very format 
scientific misconduct system with an 
appointed judge. Do we need a World 
Court of Research Integrity? 

The solutions have to be country 
appropriate, What is important is [to] 
establish minimum standards: There must 
beaplace to report, there has to be reason- 
able assurance an investigation will take 
place, [and] there has to be anonymity or 
at least protection of whistleblowers 


I NEWSMAKERS 


TWO CULTURES 
WANTTO TRY IT? After 3 years and 100 hours 
of tape, Richard Rifkind, chair emeritus of the 
Sloan-Kettering Institute 
for cancer research in 
New York City, is wrap- 
ping up a documentary 
‘on how science really 
getsdone. The Lab 
chronicles the attempts 
of graduate student 
Robert Townley to 
Uncover the atomic 
structure of AMP- 
activated protein kinase 
in Lawrence Shapiro's protein crystallography 
lab at Columbia University 

Rifkind, a cancer researcher who helped 
develop the lymphoma drug Zolinza, wanted 
to portray an important scientific challenge 
that also would look nice on film in his quest 
to educate the public about the true process 
of scientific discovery. Townley didn't pull 
any punches, either, says Rifkind: “At one 
point, he looks at the camera and says, 


ip for this page? E-mail people 


CAMPAIGNS 


UGHTS OUT. Darkness has fallen over a sliver of 
tern Canada, and astronomers are thanking 
year-old engineer at the 
Mégantic Observatory in eastern Quebec 
-ad in persuading federal, provin- 
cial, and municipal governments to limit light pollu- 


Chloé 
Mont 
province took the 


sgris for it. The 3 
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“Two-and-a-half more years of misery,’ ” 

The film is co-produced with Rifkind’s 
wife, Carole, and incorporates a video diary 
that Townley had been independently keep: 
ing for several years. The Rifkinds are in talks 
with several broadcasters for release rights. 
The couple's first film, released in 2005, 
documented the effects of tourism on Venice. 


THEY SAID IT 


“T propose the following 
character sequence for 
joke markers: :-) Read it 
sideways.” 


—Scott Fahlman, inventing the frst emoticon in 
a message he posted on an electronic bulletin 
board 25 years ago. Fahlman, a computer scien- 
tist at Carmegie Mellon University in Pittsburgh, 
Pennsylvania, and his colleagues last week 
started an annual $500 Smiley Award student 
contest to foster innovation in technology 
assisted person-to-person communication. 


tion of the night skies around the observatory. Her 
efforts led to the first reserve recognized by the 
International Dark-Sky Association. All of the sky- 
polluting light fixtures within 25 kilometers of the 
observatory have been replaced with shaded models 
that do not project light upward, in the first step of a 
process that will eventually include neighboring 
Sherbrooke, a city of 150,000 residents, 

The measures should reduce light pollution to 
the levels last seen 30 years ago, says Robert 
Lamontagne, director of the observatory. The 
increased level of light pollution, he says, had 
“shrunk” the observatory’s 1.6-meter telescope to 
the point at which “there was some research we 
couldn't do anymore.” Legris says public officials 
saw the light after she explained that replacing 
2500 light fixtures with astro-friendly designs would 
also save 1.3 


gigawatt-hours of energy each year. 
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INFECTIOUS DISEASE 


Vaccine-Related Polio Outbreak 
In Nigeria Raises Concerns 


Northern Nigeria has been hit by one of the 
largest known outbreaks of poliomyelitis, 
caused by the live polio vaccine itself. The 
“ongoing outbreak could be a serious setback 
for the global polio eradication campaign: It 
is occ 


ring in a region where rumors about 
vaccine safety derailed vaccination efforts 
several years ago, 

Experts with the Global Polio Eradication 
Initiative emphasize that the widely used 
trivalent oral polio vaccine (OPV) is safe. But 
the low immunization rates in northern 
Nigeria have created the conditions for the 
attenuated vaccine virus to regain its viru- 
lence and trigger an outbreak 

Detected in September 2006, the outbreak 
of vaccine-derived poliovirus (VDPV) type 2 
‘wats immediately reported to the World Health 
Organization and Nigerian health officials. But 
the informations just now beingreteased pub- 
licly—in the 28 September Morbidity and 
Mortality Weekly Report and WHO's Weekly 
Epidemiological Record—a delay that has 
sed some consternation in the polio com- 


‘munity. Officials say they were worried that the 
news, if misconstrued, could again disrupt 
polio vaccination efforts in Nigeria 

imate concerns that 


“There were k 
anti-polio vacci 
dled by an incomplete explanation of the cause 
of the VDPV outbreak.” says Olen Kew, who 
hasled efforts to analyze the outbreak from the 
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US. Centers for Disease Control and Preven- 
tion in Atlanta, Georgia, 

Several polio experts told Science that 
although they understand how sensitive the sit- 
uation is, they disagree with the decision to 
keep quiet.“ am troubled that the information 
hasn't come out, absolutely.” says Donald A. 
Henderson of the University of Pittsburgh 
Center for Biosecurity in Baltimore, Maryland, 
Henderson says details of each outbreak are 
essential if scientists are to understand just how 
risky these vaccine-derived strains are. 

So far, there are 69 confirmed cases of 
paralysis, and more suspected, caused by 
VDPV in nine northern Nigeria states, says 
Kew. The case count seems certain to rise 
About half the cases have occurred around 
Kano, a largely Muslim suite where anti-Westem 
sentiment and rumors that the vaccine caused 
sterility or AIDS led several states to halt polio 

accination in 2003. After repeated demonstra- 
tions of the vaccine’s safety and considerable 
behind-the-scenes diplomacy, vaccinations 
resumed about a year later, butthe damage had 
already been done. 

By the end of 2004, the number of polio 
cases in Nigeria had doubled to about 800, and 
{in 2006 it soared to more than 1100. Wild virus 
from Nigeria reinfected some 20 other coun- 
tries, leading toa spike in global cases. twas.a 
huge setback to the Global Polio Eradication 
Initiative, which estimates that the world spent 


Double whammy. Northern Nigeria is battling wild 
‘and vaccine-derived poliovirus 


an additional $500 million to contain the dam- 
age. Only recently have global cases dropped 
back to near preboycott levels 

Although Nigeria has since made consider- 
able progress, wild poliovirus, both type 1 and 
type 3, is still circulating in the north, and vac- 
cine coverage there remains low. In 2006, 
between 6% and 30% of children in the north 
had never received a single dose of OPV. 

Those are exactly the conditions that render 
aan area susceptible to outbreaks of vaccine- 
derived virus. Since the 1960s, scientists have 
known that attenuated viruses 
instances mutate and regain virulence, 
was only in 2000, with an outbreak in Hisp 
iola, that they realized VDPVs could spread 
disease from person to person, 

The current outbreak came to light when a 
technician at the CDC polio lab noticed a p 
ponderance of type 2 virus in the isolates sent 
in from northern Nigeria. That instantly raised 
suspicion, Kew says, because wild type 2 
poliovirus has been eradicated globally. That 
‘meant the only possible source was the triva- 
Jent vaccine, which had been used in Nigeria in 
preboycott campaigns, Since Nigeria resumed 
vaccinations in 2004, says Kew, it had “quite 
properly” been using the more effective mono- 
valent vaccines against wild types 1 and 3 in its 
campaigns. Genetic analysis quickly con- 
firmed the source; it also suggests that several 
VDPVs emerged independently in 2005 and 
2006, multiple times. 

In earlier outbreaks, circulating VDPVs 
have been relatively easy to stamp out, but this 
‘one has persisted despite four campaigns with 
trivalent OPV in the past year."Wesuspect itis 
simply because the coverage was not adequate: 
‘we don’t believe there is anything exceptional 
about this virus.” says Kew. As evidence, he 
notes that two VDPV strains jumped from 
Nigeria to Niger, where routine vaccination is 
almost 90%. Both “barely made it kilometers 
before they dead-ended” he says, 

Polio expert Oyewale Tomori, vice chan- 
cellor of Redeemer’s University near Lagos 
and chair of Nigeria's expert advisory committee 
for polio eradication, says he has been urging 
officials to go public, He worries that secrecy 
might fuel suspicions about vaccine safety 
instead of reinforcing the need to intensity 
immunizationsin Nigeria, -LESLIEROBERTS 
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ENVIRONMENTAL POLICY 


Tougher Ozone Accord Also Addresses Global Warming 


Come for the ozone layer, stay forthe climate. 
That come-on might have been the marketing 
spiel for negotiators meeting last week under 
the aegis of the United Nations Environment 
Programme to strengthen the Montreal Proto- 
col, the 20-year-old accord on chlorofluoro- 
carbons (CFCs) and other chemicals that 
deplete the ozone layer. And it worked. The 
delegates who returned to te city from which 
the 1987 treaty got its name also made signifi- 
‘cant progress in combating global warming by 
recognizing the fact that most chemicals 
affected by the treaty are also potent green- 
house gases and that restricting them pays 
double dividends. 

The thin shell in the stratosphere that pro- 
tects Earth from the sun's rays has a variety 
of enemies, and the Montreal Protocol has 

g been tightened four times as scientists have 
& placed restrictions on newly recognized 
2 threats. As a result, the rate of harmful 
4 emissions has slowed (see graph), and more 
than 90% of the production and use of 
‘ozone-depleting chemicals has been phased 
‘out, The biggest threats may have passed, say 
experts, but this year’s weeklong meeting set 
itself two main goals: to clamp down on 
ozone-harming refrigerants that have 
become prevalent in the developing world, 
and to do it in.a way that could provide tangi- 
ble side benefits for climate. 

By the end ofthe meeting, they could laim 
to have met both goals, Most impressive was 
‘an agreement by delegates to push forward by 
a decade a legally binding schedule to phase 
= out in developing nations a family of chemi- 
Z cals called hydrochlorofluorocarbons 
3 (HCFCs). The 191 participating nations also 
pledged to finance a transition fund, currently 
funded at roughly $150 million per year, to 
support the conversion to alternatives. And 
with the urging of US. officials, the delegates 
also pledged to make sure that the HCFC 
replacements would have the lowest possible 
harmful impact on global warming. 

The delegates deserve lots of credit for 
both recognizing and seizing a historic oppor- 
tunity to protect both the ozone layer and the 
climate,” says Alexander von Bismarck of the 
Environmental Investigation ney, a 
London-based nonprofit that has monitored 


www sciencemag.org 


the treaty. Activists hope the action gives 
‘momentum to international meetings on cli- 
mate change occurring in New York and 
Washington, D.C.,as Science went to press. 
The Montreal Protocol arose out of two 
scientific developments. In 1974, chemists 
F. Sherwood Rowland and Mario Molina cal- 
culated that CFCs, a common ingredient in 
spray cans, could destroy stratospheric ozone. 
‘Although that discovery led to some voluntary 
curbs on their use, the impetus for mandatory 
on came in 1985, when British scientists 
measured an ozone “hole” over the Antarctic. 
The new agreement is consistent with the 
findings of a scientific assessment in August 
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Protection. The 1987 ozone treaty has reduced 
global greenhouse gas emissions that otherwise 
would have risen sharply. 


that said an accelerated HCFC phascout in 
developing countries would produce the 
equivalent savings of 18 billion tons of carbon 
dioxide emissions by 2050, HCFCs were 
‘meant to be a transition chemical as countries 
phased out CFCs, but they have been widely 
used as coolants in the booming economies of 
China and India. 

The agreement would freeze HCFC pro- 
duction by developing nations in 2013 
2 years earlier than planned—followed by 
successive cuts until production was ended 
in 2030, a decade sooner than previously 
reed. Developed nations agreed to 
advance their deadline for a phaseout from 
2030 to 2020, as well as promising to pro- 
vide “stable and sufficient” funds for 
replacements while “taking into account 
global warming potential” in deciding which 
chemicals to accept as substitutes. 

“You couldn't have imagined this 5 years 
ago,” stys Durwood Zaetke of the nonprofit 
Institute for Governance and Sustainable 
Development (IGSD) in Washington, D.C, 
The current availability in China of products 
with many of the HCFC alternatives bodes 
well for the new agreement, says DuPont 
chemist Mack McFarland. An important 
driver during talks was a statement from the 
G8 summit in June, pushed by the U. 
pledging the industrial powers to climate- 
friendly action on ozone. “It’s being held up 
{as an inspiration] by all the parties” during 
negotiations, said IGSD’s Scott Stone, who 
attended last week's conference.""This [showed] 
seat leadership by the White House.” 

Thereviews weren't entirely positive. Del- 
cegates agreed to USS. demands to continue an 
exemption for ozone-unfriendly methyl bro- 
‘mide, a fimigant used by US. farmers, allow- 
ing annual emissions of 4600 tons. David 
Doniger of the Washington, D.C.-based Natural 
Resources Defense Council, which wants a 
full phaseout, called that “a black mark” on an 
otherwise strong U.S. performance. White 
House environment aide James Connaughton 
says US. negotiators hope to build on the suc~ 
cess in Montreal during a 2-day meeting 
hosted by the Bush Administration this week 
attended by representatives from 1 industrial 
nationsand majoremitters,  -ELIKINTISCH 
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BIOWEAPONS 


Panel Wants U.S. Program to 
Retain Its Russian Roots 


Four years ago, scientists in Obolensk, Rus- 
sia, wanted to ship a strain of anthrax toa lab 
in Fort Detrick, Maryland, under a US. pro- 
‘gram intended to prevent former bioweapons 
scientists from selling their expertise to ter- 
rorists or “rogue” nations, But the Russian 
government wouldn’t give the Obolensk lab 
‘an export license, 

Such setbacks are one reason the Depart 
ment of Defense (DOD) has decided to 
phase out collaborative research projects in 
Russia under its Biological Threat Reduction 
Program. But a new report by the U.S. 
National Academies’ National Research 
Council (NRC) says the agency is making a 
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Whose threat? U.S. entities have received most of the money for 


‘esearch on reducing the threat of Russian bioneapons 


mistake. t calls on DOD to increase support 
for the program and to give Russian admin- 
istrators and scientists a greater voice in 
determining its direction. 
Since 1998, the agency has spent more than 
$430 million on dismantling biological 
‘weapons production centers, improving secu- 
rity at research facilities, setting up disease sur- 
veillance networks, and supporting scientists 
throughout the region. The activities are part of 
} the US. government’ biological nonprolifera- 
§ tion efforts in the former Soviet Union. DOD 

officials plan to continue, and even increase, 

support for scientists in other countries in the 
£ region. But the difficulties in gaining access to 
# Russian labs, combined with an improved out- 
E look for funding science that stems from the 
2 country’s robust economy, have made Russia 
8 the odd man out. “We think the Russians are 
8 now perfectly capable of transitioning their for- 
8 mer weapons labs to make them part of their 
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public health system,” a senior DOD official 
told Science this summer. 

The academies report, requested by DOD's 
Defense Threat Reduction Agency (DTRA) at 
the urging of Congress, takes a different view. 
“Although the economic situation in Russia is 
stabilizing, the future of a large number of bio- 
logical institutions is in flux,” it says. “And 
many former weapons scientists remain 
trapped in uncertain circumstances that could 
raise serious proliferation concems.” The 
bottom line, according to NRC's 
Schweitzer, is that “Russia is too important a 
country to not engage in.” 

The report cites the program's success in 
improving security at a number 
of Russian labs. And it suggests 
that heeding the wishes of its 
Russian hosts would strengthen 
the program. “DOD continues to 
be interested only in studying 
Pathogens it considers dan- 

gerous for bioterrorism, 
while the Russians want to 
tackle health problems lik 
cholera and tuberculosis 
cexphins Sonia Ben Ouagrham- 
Gormley of the Monterey 
Institute of International Studies 
in Washington, D.C. The fact 
that most of the money has 
gone to U.S. contractors and 
visting scientists has also soured 
Russians on the program, the report notes. 

The panel's recommendations are right 
‘on the mark, says Carleton Phillips Il, abiol- 
ogist at Texas Tech University in Lubbock 
and the principal investigator on a DOD- 
funded project in Kyrgyzstan aimed at map- 
ping the distribution of mammals that are 
reservoirs of infectious diseases. He says the 
best way to reduce biological threats in the 
former Soviet Union is to “engage local sci- 
entists in true collaborations.” 

Now that the experts have spoken, will 
DOD listen? A DTRA official says the report 
“will definitely have an impact on the future of 
the program,” adding that the agency plans to 
respond before the end of the year. A staffer on 
the Senate Foreign Relations Committee also 
likes the report’s recommendations. “There is 
basic supporton the Hill for doing more collab- 
‘orative research in Russia.” he says. 
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Dam Californians 


California Governor Arnold Schwarzenegger 
has fired the latest shot in the state's peren- 
nial battle over water. He's proposed a $9 bil- 
lion bond measure to increase the state's 
water supplies by, among other steps, build 
ing two new dams in the north ofthe state 
and channeling water through or around the 
Sacramento-San Joaquin River delta. The 
environmentally sensitive delta is beset by 
crashing fisheries, pollution, and invasive 
species (Science, 27 July, p. 442), 
Schwarzenegger says the new water infra- 
structure is part of a “comprehensive fix.” But 
‘opponents say water conservation is a better 
solution, Science should help sort out the 
options, says Peter Moyle, a fisheries biologist 
at the University of California, Davis: “There's 
a lotwe don’t understand [about] how these 
plans will affect fish.” -ROBERT F SERVICE 


Pounds for Paws 


Britain’s largest medical research charity 
hopes to help veterinarians keep up with the 
latest developments with a $22.5 million ini- 
tiative to recruit them into research. In 2004, 
the U.K. government provided $43 miltion to 
‘boost the number of scientists trained to tackle 
challenges such as foot-and-mouth disease. 
But that program ends in 2009, Last week, the 
Wellcome Trust made awards to seven U.K. vet- 
erinary schools for efforts including summer 
courses and postdoctoral training, "This is an 
absolutely vital development,” says Christopher 
Stokes of the University of Bristol, one of the 
recipient universities, ~ELIE DOLGIN 


White House: Risk-Averse 


After getting slammed by the National Acade- 
‘mies’ National Research Council (NRC), the 
White House Office of Management and Bud 
get (OMB) has decided not to issue a contro- 
versial directive on risk assessment. The draft 
bulletin, released in January 2006, contained 
uidetines and technical standards on issues 
such as expressing uncertainties in federal risk 
assessments. But a subsequent NRC report 
requested by OMB called the approach “fun- 
damental flawed,” saying, for example, that 
it would require uncertainty analysis "beyond 
the current state of the science” (Science, 

19 January, p. 316). In reversing the move, 
‘OMB has instructed agencies to follow “gener 
ally accepted principles for risk analysis” 
{issued by the Clinton Administration. That's 
“good news forthe science community,” says 
Rick Melberth of the advocacy group OMB 
Watch in Washington, D.C. ~ERIK STOKSTAD 
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Uncovering the Magic in Magnetic Brain Stimulation 


In recent years, neuroscientists and psychia- 
trists alike have touted the potential uses of a 
noninvasive brain stimulation technique called 
transcranial magnetic stimulation (TMS). The 
‘method has been used to disrupt neural activity 
experimentally in studies of human cognition, 
and it has shown promise in clinical trials for 
treating psychiatric disorders such as 
depression (Science, 18 May 2001, p. 1284). 
Although widely considered saf-—thousands 
of people have received TMS—relatively little 
is known about how it actually works. Now, a 
tailed look at its effects shows that TMS can 
‘boost or dampen the firing of neurons depend- 
ing on ongoing brain activity. 

Neuroscientists at the University of Cali- 
fornia, Berkeley, applied TMS to the cerebral 
cortex of eats while monitoring neural activ- 
ity and metabolism. Their findings, reported 
con page 1918—and future investigations of 
this type—will have important implications 
for how TMS is used in people, other 
researchers sy. 

One interesting possibility, according to 
Mark George, a psychiatrist at the Medical 
University of South Carolina in Charleston, is 
that it may matter what subjects think about 
while they're being stimulated, a fuctor that 
hasn't received much consideration to date, 
George, who pioneered TMS therapy for 
depression, says a better understanding of how 
‘TMS works will enable researchers and clini- 
cians to apply it more effectively: “This is pre~ 
cisely where the field needs to go 

Ina typical TMS procedure, technicians 
place a ring-shaped paddle near the scalp. 


ENGINEERING 


Electric currents swirling inside the paddle 
produce a magnetic field that in tun gener- 
ates currents in the underlying brain tissue. 
These currents ater the electrical activity of 
neurons, but exactly how they alter it is 
poorly understood. 


Stimulating results. New research hints at the 
‘mechanisms of magnetic brain stimulation, 


Led by Ralph Freeman and graduate stu- 
dents Elena Allen and Brian Pasley, the Berke- 
ley scientists applied TMS to the visual cortex. 
of anesthetized cats and tracked the aftermath 
using probes developed in Freeman's lab that 
can simultaneously record the electrical activ- 
ity of neurons and measure fluctuations in oxy- 


Pollution Slows China's Canal Project 


The first phase of a massive project to 
replumb some of China's mightiest water- 
‘ways has fallen far behind schedule because 
local authorities don’t want to pay forthe priv- 
ilege of drinking polluted water. 

The South-to-North Water Diversion 
Project is a three-stage effort to alleviate 
chronic water shortages in the country’s 
‘more populous but parched northern plains 
(Science, 25 August 2006, p. 1034). The 
eastern route makes use of an existing net- 
work of can: and lakes to pump and 
move water from the lower Yangtze River to 
Jiangsu and Shandong provinces. But this 
month, the official Xinhua news agency 
announced that the first phase of the route, 
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scheduled to begin operating this year, has 
been delayed at least 3 years. 

Nearly half of the $4 billion cost of the 
first phase is earmarked for improving the 
quality of the water. However, the central 
‘government is footing only about 10% of the 
bill, with the rest expected to come from 
localities that will benefit from the project. 
But because nobody wants to clean up some- 
body else's dirty water, few treatment facili- 
ties have been built along the route, and water 
quality continues to deteriorate. So far this 
‘year, according to Xinhua, the water is drink- 
able at only one of the 2! monitored cross 
sections in Shandong. 

‘Some engineering experts say the entire 


‘gen concentration, an indicator of energy con 
‘sumption. Using optical imaging methods, the 
researchers also tracked hemoglobin levels, 
another metabolic marker. A train of TMS 
pulses lasting a few seconds caused an imme- 
diate increase in neural firing that lasted for 
about a minute, followed by a decrease in firing 
for several minutes. Oxygen and hemoglobin 
‘mirrored this pattem, indicating that neurons’ 
firing and energy demands go hand in hand, 

TMS had a dramatically different effect, 
however, on neural activity evoked by black 
and white bars flashed on a computer 
screen, (Such responses persist even in anes- 
thetized animals.) In this case, neural firing 
dipped sharply after TMS and remained 
suppressed for several minutes. 

The findings have implications for design- 
ing TMS therapies, says George. For dept 
sion therapy, for example, “Wwe may need peo- 
ple to become sad in the chair while stimulat- 
ing {them].” George says. “Alternatively, we 
might have them engage in formal cognitive 
therapy, thinking positive thoughts.” Such con- 
siderations are important, he ads, as the Food 
and Drug Administration is considering 
approval for daily TMS of the prefrontal cortex 
to treat depression. 

The new findings also suggest why the 
effects of TMS often vary, says Alvaro Pascual 
Leone, a neurologist at Harvard Medical 
‘School in Boston, Pascual-Leone suggests that 
TMS results could be made more consistent 
bby monitoring the physiological state of the 
brain using electroencephalography or functional 
‘magnetic resonance imaging, -GREG MILLER 


project itself needs to be rethought, with a 
greater emphasis placed on improving the 
ecology of the Yellow and Huai river basins. 
Dredging the Grand Canal north of the Yellow 
Rivertomake the ancient waterway navigable, 
they say, would provide a greater benefitto the 
region and, thus, attract more investment, 
Qian Ye, a climate researcher at the 
U.S, National Center for Atmospheric 
Research in Boulder, Colorado, thinks the 
Chinese government should do a more com- 
prehensive feasibility study of the project that 
considers the impact of climate change. 
Global warming, he says, could make China's 
north wetter and allow authorities to scale 
back the controversial project. -HAOXIN 
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A Far-South Start for Ice Age's End 


Where was the thermostat switch that, once 
thrown, began tothaw the world out ofthe last 
ice age? Paleoceanographers long assumed 
that it lay in the North Atlantic Ocean some~ 
‘where: then the tropical ocean gained popu- 
larity in some quarters, But now, strong new 
evidence from the tropics places the start yet 
farther south, in the waters around Antarctica. 
‘The result “isall very solid, very hard to ques- 
tion,” says paleoceanographer William 
Ruddiman, professor emeritus at the Univer- 
sity of Vinginia, Charlottesville. “But it also 
tells us things are complicated. There are just 
layers of complexity to this.” 

Finding where it all started “comes down 
to timing,” says paleoccanographer Lowell 
Stott of the University of Southern California 
in Los Angeles. But determining the timing of 
climate events can be tough when, say, warm 
ing in the tropics is recorded in marine sedi- 
ment, whereas warming in Antarctica is 
recorded in glacial ice, Those are dated by 
entirely different methods, which injects an 
uncomfortable amount of uncertainty. 

Stott and colleagues Axel Timmermann, a 
‘modeler at the University of Hawaii, Manoa, 
‘and paleoccanographer Robert Thunell of the 
University of South Carolina, Columbia, elim- 
inated that uncertainty, atleast, by gauging 
changing temperature in western Pacific 


es tlre rst 
§ A southerly start. Water from near Antarctica 
5 (bottom) warmed betore the tropics (top). 
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‘surface waters and in Antarctic waters in a sine 
gle sediment core recovered just west of the 
Philippine istand of Mindanao. At any point in 
the core, microfossils that had fallen from 
‘western Pacific surface waters recorded tem- 
Perature there in their oxygen isotopic compo- 
sition, whereas microfossils that always lived 
‘on the sea floor recorded the temperature of 
‘bottom water that had sunk from the surface of 
the Southem Ocean near Antarctica. Then the 
‘group radiocarbon-dated the sediment. 

The results, reported online at www. 

jiencemag.org/cgi/content‘abstract/1 143791, 
were startling, In an earlier Science paper, 
‘Thunell and Stott had concluded that the tropi- 
cal Pacific had warmed first, presumably 
‘causing glacial ice to begin melting. But their 
new analysis shows that more than 18,000 
‘years ago, Antarctic waters warmed 1000 to 
1300 years before tropical waters. 

Starting from that timing and drawing on 
other dated records, Stott and colleagues 
spin a tale of how the ice started melting. 
First, predictable variations in Earth’s orbit 
and tilt increased the amount of sunlight hit- 
ting high southern latitudes during austral 
spring. That warmed things up locally and 
shrank the sea ice back toward Antarctica, 
uncapping the Southern Ocean and freeing 
much ofits carbon dioxide to begin warming 
the whole world. 

Nice story, other researchers say, and the 
starting point at least seems fairly solid. “I 
think they make a convincing case that 
something is happening at high southern | 
itudes before tropical temperatures chang 
says paleoceanographer Jean Lynch- 
Stieglitz of Georgia Institute of Technology 
in Atlanta, But, as she and Ruddiman both 
note, putting together the deglaciation story 
is “a tricky business.” And there are dissent 
ing voices. Paleoceanographer David Lea of 
the University of California, Santa Barbara, 
says it isn’t so clear polar warming preceded 
tropical warming, given the difficulty of 
picking out exactly when the tropical warm- 
ing began. All agree that finishing up the 
story in the Northern Hemisphere—where 
most ice melting eventually occurred—wi 
takemuchmore work. -RICHARDA. KERR 


Bank Withdrawal 


Both U.S. senators from New York—Hillary 
Clinton (D) and Charles Schumer (0)—are 
demanding that the U.S. Department of Vet- 
rans Affairs (VA) create a gene bank at the 
University at Albany in New York state. The 
pai argues that the project was approved but 
that the VA never followed through, The idea 
hhas enormous potential: More than 7 mi 
veterans could donate DNA. But for now it is 
tangled in controversy. After inking an agree- 
‘ment with the university nearly 4 years ago, 
the VA began to pursue a gene bank project 
‘on its own, upsetting the Albany group, which 
is led by cancer biologist Paulette McCormick 
(Science, 29 July 2005, p. 684), Last week 
Clinton and Schumer took up the case, sug 
gesting in a letter to VA Secretary R. James 
Nicholson that “the Department may be using 
the concepts developed by Dr. McCormick to 
establish a gene bank in another location.” 
They urged the VA to set up a gene bank at 
SUNY-Albany. 

Joel Kupersmith, the VA's chief research 
and development officer, declined to comment 
‘on the dispute. But he says that although VA 
researchers are only collecting specimens for 
individual projects now, “our plan in the long 
un” is to assemble a vast store that could be 
‘used by outside investigators, 

JENNIFER COUZIN 


NuSTAR Is Reborn 


NASA resurrected a mission to study black holes 
last week and now plans to orbit the spacecraft 
by 2012. The Nuclear Spectroscopic Telescope 
‘Array (NUSTAR) will use high-energy xrays to 
image the areas around black holes that con 
‘gregate atthe center of galaxies, The space 
agency killed the idea in 2006 because of fund- 
ing constraints. But NASA science chief S, lan 
Stern said in a statement that he reversed that 
decision because “we're getting more and more 
from the science budget we have, and the 
‘estat of the highly valued NuSTAR mission is 
an example ofthat.” That's music to the ears of 
the researchers who thought all was lost for & 
‘mission originally slated for launch ths year. 
“rm personally incredibly excited,” says Caltech 
physicist Fiona Harrison, the principal investiga~ 
tor on the project. 

Not every project got good news last week. 
Stem also approved a plan to reduce the num- 
ber and complexity of instruments on the Mars 
Science Laboratory because of cost overruns. 
Thats raising howls from Mars exploration 
advocates. The Pasadena, California-based 
Planetary Society called the move “penny-wise 
and pound foolish.” “ANDREW LAWLER 
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“A Singular Conundrum: 
How .Oddils OurUniverse?. 


Subtleties i in thei iang ‘altortaly could hint iirat the uhivets@ ‘ ‘ifrangeU lrouiit. C 


an “axis of evil 


"Or they, may be she products of randdm chance: With only one’ 


universe to study, reséarchels:may-te-hard.préssed to sayjone'Wway’or.the, pther 


THE UNIVERSE: THERE’S NOTHING ELSE 
like it. So if the cosmos is strange in some way, 
how would you tell? That may sound like the 
beginning of an annoying argument among 
philosophy majors. But cosmol 
bbeen debating just this point as they try to fig- 
ture out whether—just maybe. 
even weirder than they thought. 
The controversy has been simmering for 
some time. In 2003, NASA’s Wilkinson 
Microwave Anisotropy Probe (WMAP) satel- 
lite measured the light lingering from the big 
bang (Science, 14 February 2003, p. 991) 
Researchers charted the slight variations in 
the temperature ofthe radiation, known as the 
cosmic microwave background (CMB), to 
produce sky map resembling a dimply lime 
Analyzed statistically, that iconic map bol- 
stered a led inflation, in 
which in a billionth of a trillionth of a tril- 
lionth of a second, the newborn universe dou- 
bled and redoubled in size 100 times over, 


our universe is 


stretching each atom-sized volume to the size 
ofa galaxy 

But the map led to some mysteries, too. 
Within 6 months, one team had found a curi- 
ous alignment of certain undulations in the 
CMB. Others soon found more correlations 
that suggested that the cosmosmight be skew- 


ered like a meatball on a toothpick by an “axis 
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the universe 
Itcouldtrash 


ofevil” That axis might show t 
hasastrange shape or is rotating 
cosmologists’ cherished assumption that the 
universe has no center and no special diree- 
tions, the so-called cosmological principle 
that traces its origins to Copernicus. Or it 
could be a meaningless fluke. “Everyone 
agrees its there,” says Kate Land, a cosmolo- 
gist at the University of Oxford in the U.K. 
But sit significant?” 

There’s the rub: With only one universe 
to measure, it may be impossible to tell. 
Modern cosmologi- 
cal theory mixes the 
elegant predictabil- 
ity of Einstein's the- 
ory of gravity with 
the inherent ran- 


“If our unis 


hat di 


domness of quantum mechanics, which 
held sway when the universe was just an 
infinitesimal speck. So theorists can predict 
the age properties of the 
unive the individual quirks and 
aused by random quantum 
fluctuations all those billions of years ago. 


atistical or aver 
but not 


coincidences 


Moreover, although the universe in toto 
may be infinite, we see only a finite part of 
it. Because the universe is expanding and 
the speed of light is finite, anything beyond 
50 billion light-years away is zooming off so 
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fast we'll never glimpse it, So the axis could 
hint at some fundamental feature of the entire 
universe, Or it could be a meaningless pect- 
liarity of the bit we can see, our so-called 
Hubble volume or observable universe. 
Deciding will be difficult, as its impossible 
to peer into neighboring Hubble volumes or 
peat the “experimen 
homey patch of the infinite 
The main problem with cosmology is 


that produced our 


our sample size—that of just one universe, 


Land says. “If our universe is unusual, what 
does it mean?” The 


question underscores 


se is unusual, 

pan? just how much cos 
mene mologists’ observa- 
tions have improved 
in the past 2 decades. 
“In the past, our frontier has always been set 
by technology: you could always build a big- 

telescope and look deeper,” says Max 
Tegmark of the Massachusetts Institute of 
Technology (MIT). “For the 
hit the final frontier” 

So far, only measurements of the CMB 


st time, we've 


have run up against that barrier. But as cos- 
mologists launch studies that take all they can 
see as one measurement, other efforts could 
hit it 
matter undermines cosmology’s status as a 


100. A few researchers think that the 


Weirdness ahead? Future maps ofall the galaxies 
willbe scrutinized for unexplained patterns. 


science. All agree that having only one observ- 
able universe means that some of its quirks 
‘may remain forever mysterious. 


Fanfare for the common universe 
Like a Jimi Hendrix power chord, the CMB 
reverberates through time. The harmonies 
in the electromag- 
netic echo reveal the 
state of the universe 
when the chord was 


“Cosmology may look like 
a science, but it isn’t a 


the universe is precisely 13.7 billion years old 
and flatter than an Ilinois cornfield. It also 
has to contain 4% ordinary matter; 23% dark 
matter, which has revealed itself only 
through its gravity; and 73% space-stretching 
dark energy, which is currently accelerat- 
ing the expansion of the universe (Science, 
19 December 2003, p. 2038). 

The power spectrum also rises and dips in 
several places, revealing how sound waves rip- 
pled through the tod- 
dler universe. Infla- 
tionary theory pre- 
dicted the nature of 


struck instantly after science” because it's the bumps and wig- 
the big bang. , ages, and the WMAP 
"Apoonting 85 impossible to do repeatable data fit the predict 
rent theory, the uni- experiments precisely, says Charles 
verse popped into : Bennett, a cosmolo- 
existence infinitely sJames Ginn; sine inka 


dense and hot and 
crammed with light 
and subatomic particles. Within 10 ® seconds, 
inflation stretched it immensely, before its 
expansion slowed to a more leisurely pace. 
Inflation evened out the temperature of the uni- 
verse, stretched space as flat asa tautbed sheet, 
and diluted to nothing the numbers of certain 
pesky particles that theorists say should exist 
‘but that have never been seen, 

The big blowup also sowed the seeds for 
the ripples in the CMB. The stretching magni- 
fied tiny quantum fluctuations in the soup of 
fundamental particles, creating slight varia- 
tions in its density. Matter began to coalesce 
0 the denser spots, setting off a sloshing of 

light and matter and leading to tiny tempera- 
ture variations. These are the same variations 
conveyed by the CMB, which began shining 
through the cooling universe 400,000 years 
after the big bang, when light-trapping pro- 
tonsand electrons combined to form transpar= 
cent hydrogen atoms. 

To decipher the mottled CMB map, 
WMAP researchers broke it down much asa 
‘musical chord can be broken into individual 
pitches. Any spherical map can be viewed as 
the sum of coarser and finer undulationscalled 
harmonics or multipoles. For the CMB, the 
coarsest, the dipole, simply divides the sky into 
hotter and colder halves. The next, the quadri- 
pole, divides the sky roughly in four, into the 
two hottest and two coldest regions, and so on. 

2 Researchers measured the strengths of hun- 
J dreds of harmonics and plated them in aso. 
8 called power spectrum, the cosmological 
i equivalent of musical notation specifying 


which notes to play louder or softer. 

‘The WMAP team then tried to match this 
§ spectrum to the predictions of cosmological 
§ theory. They found they could do just that if 
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Princeton University 


University in Balti 
more, Maryland, and 
leader of the WMAP team: “It certainly was a 
major victory for inflationary cosmology.” 


The axis emerges 

Amid the cacophony, however, scientists 
detected some distinctive harmonies, In 2004, 
MIT's Tegmark and Angélica de Oliveira- 
Costa, both then at the University of Pennsyl- 
vania, reported in Physical Review D that the 
hot and cold spots of the octopole pattern are 
arrayed around a single axis a bit like the pan- 
els on a basketball. Morcover, this axis appears 
to line up with a similar axis for the quadru- 
pole. They estimated the chances that the 
alignment is a fluke at | in 66. 

‘A few months later, another team found 
‘more curious alignments. The axis defined by 
the quadrupole and the octopole lies in the 
plane of the solar system, known as the eclip- 
tic, and points toward the equinoxes, the two 
points on Earth's orbit at which night and day 
are equal length all over the planet, reported 
Glenn Starkman of Case Western Reserve 
University in Cleveland, Ohio, Dominik 
Schwarz of the Uni- 
versity of Bielefeld in 
Germany, and col- 
leagues in Physical 
Review Lett 


Oxford's Land and 
Jo3o Magueijo of 
Imperial College 
London reported that 
the next two har- 
monics also appear to 
be aligned with the 
quadrupole and octo- 
pole. They interpreted 
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that as possible evidence that the universe is in 
fact arrayed around a special axis. If that were 
true, the cosmological principle would go out 
‘the window. The alignments are all the more 
suggestive because they involve the broadest 
undulations on the microwave sky, Land says: 
“If there were something oxid cosmologically, 
this is where you'd expect it to kick in.” 

Many are skeptical. “If you look at a data 
set in 1000 different ways, you expect to find 
something that’s unusual at the 1-in-1000 
level,” WMAP leader Bennett says. Some sus~ 
ppect that the axis may be an illusion proxtuced 
by an unaccounted bias in how the satellite 
‘works, And even those who have studied the 
alignments note that exactly how unlikely they 
‘appear depends on which mathematical tools 
researchers use to analyze them. Still, many 
are taking it seriously. “I would say that with a 
bit more than 99% confidence you can say 
there's something strange," Schwarz says, 


‘Axis-stential musings 
Assuming theaxisismore than ameasurement 
«error, what new physics might it point to? The 
‘most conservative explanation is thatthe align= 
ments reflect contamination from some nearby 
stuff that either emits or absorbs microwaves, 
Researchers already have to filter out the 
“foreground” microwave glare fiom the disk 
of the galaxy. A signal originating within the 
solar system might explain the connection to 
the ecliptio—although that would be far more 
likely if the axis ran parallel to the axis of the 
solar system, not perpendicular to it 

‘Such a foreground would be sexier thu 
sounds at first, Starkman says. At the least, it 
‘would reveal new astrophysics, perhaps some 
really bizarre form of dust. Moreover, the pres- 
cence of a foreground from the solar system 
‘would most likely only bolster the case for the 
‘cosmic axis, he says. Strange though it may 
sound, compensating for such a foreground 
‘would probably accentuate the oddities. “The 
chances are that when you subtract it, the data 
will agree even less well with the theory than 


Poles apart. The axis of evil (poles marked red) lies almost perpendicular to the 
solar system's axis (poles marked blue) and far from the galactic axis. 
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they do now,” Starkman says. 

By far the most exciting possibility is that 
the axis indicates that the universe is stranger 
than cosmologists have assumed. For exam- 
ple, the universe could whip up such an axis 
if space had an odd shape, such asa torus that 
wraps around and reconnects to itself. “If 
‘you want to explain the axis of evil, the easi- 
‘est way would be to say that our universe is a 
lot like {the video game] Asteroids, where if 
‘you go off the screen on one side, you come 
‘back on the other,” Tegmark says. Others 
have proposed weirder shapes or suggested 
that the whole universe could be spinning, 
around the axis. 

‘None of these tantalizing ideas has bowled 
researchers over, however. Tegmark and 
de Oliveira-Costa's doughnut universe clashes 
‘with other observational constraints. Ifthe uni- 
verse wraps around in such a way, then 
rescarchers should see faint matching circles in 
the CMB on opposite sides ofthe sky (Science, 
22 June 2001, p. 2237). But none have been 
found. Other models suffer similar problems. 
“It'Stough because on one hand, I'monthe side 
of saying that this may be telling us something.” 
‘Starkman says. “On the other hand, so far I'm. 
‘unconvinced by the ideas that have been put 
forward for what this might be telling us.” 

Of course, the axis could just be a fluke, a 
coincidence produced by primordial quan- 
tum fluctuations in our particular Hubble vol- 
‘ume, Although Albert Einstein insisted that 
“God does not play dice”—so often that oth- 
ers tired of hearing it—theorists now think 
that in making the cosmos, the metaphorical 
creator rolled the bones once and walked 
away. Perhaps, like troubled gamblers, some 
cosmologists read too much into the fact that 
he tossed a2 and a3. 

One thing is certain: Cosmologists will 
never figure out what the axis of evil is by 


remeasuring the CMB. Researchers have 
measured the temperature variations in the 
CMB so precisely that the biggest uncertainty 
now stems from the fact that we see the 
microwave sky for only one Hubble volume, 
an uncertainty called cosmic variance. “We've 
done the measurement.” Bennett says. “It's not 
going to get any better” 


‘The geology of the cosmos 
To be sure, many things remain to be measured. 
But cosmic variance could ultimately pinch 
other sorts of studies, such as galaxy surveys. 
Researchers with the 
Sloan Digital Sky 
Survey are using a 
2.5-meter telescope 
at Apache Pointe, 
New Mexico, to map 
everything they can 
see ina quarter of the 
sky and have spotted 
80 million galaxies 
so far. The proposed 
8.4-meter Large 
Synoptic Survey Telescope (LSST) aims to 
tally 3 billion. By the middle of the century, 
researchers likely will have surveyed ll 100bil- 
lion bright galaxies in our Hubble volume, says 
Michael Tumer, a cosmologist at the University 
of Chicago in Ilinois. 

Such surveys aim to study the distribution of 
the galaxies en masse, or how the galaxies* 
images are distorted by huge threads of dark 
matter spanning the universe. In doing so, they 
trace the evolution of the density fluctuations 
that rippled the CMB. That's because those fluc- 
tuations also spawned the dark matter filaments, 
which in tum seeded the galaxies. Even with 
LSST, some of those studies will butt against the 
limits of cosmic variance, says Lloyd Knox of 
the University of California, Davis. 


Going my way? The CMB quadrupole (top lef), actopole (top right), and the next two multipoles. The red dots 


‘mark their symmetry axes, which appear to line up. 


“The fact that we can only 
see one Hubble volume has 
not been an impediment 

to understanding the origin 
and evolution of the universe.” 


University of Chicago 


‘That barrier to knowledge, some argue, is 
cosmology’s Achilles’ heel. “Cosmology may 
look like a science, but it isn’t a science,” 
says James Gunn of Princeton University, 
co-founder of the Sloan survey. “A basic tenet 
‘of science is that you can do repeatable experi- 
‘ments, and you can’t do that in cosmology.” 
‘Others don’t see the problem. “So far, the fact 
‘thatwecan only see one Hubble volume has not 
been an impediment to understanding the ori- 
‘gin and evolution of the universe,” Turner says. 
Some note that cosmic variance will limit 
measurement of only the very langest features 
of the universe and 
that studying the myt= 
iad smaller bumpsand 
wiggles may be more 
revealing anyway. 

Even so, all agree 
that cosmic variance 
highlights a definite 
limit 10 what cosmol- 
ogy can tell us, “The 
goal of physics is to 
understand the basic 
‘dynamics of the universe,” Tuer says. "Cos 
mology isa little different. The goal istorecon= 
struct the history of the universe.” Cosmology 
is more akin to evolutionary biology or geol- 
‘ogy, he says, in which researchers must simply 
accept some facts as given. For example, the 
theory of plate tectonics does not explain why 
Earth has precisely seven continents, 

‘That distinction may disappoint the many 
researchers who have come to cosmology by 
way of physics, afield that prides itself on its 
rigor and unparalleled testability. Many hope 
to connect particle physics directly tothe birth 
and evolution of the universe to arrive at an 
all-encompassing theory that, at least statisti- 
cally, would allow them to mathematically 
derive the universe. “I don't like unexplained 
coincidences.” Tegmark says. “Generally, 1 
want an explanation.” 

To get one for the axis, many say, 
researchers must press on concocting new 
models. Others suggest looking for evidence 
of theaxis in galaxy surveys and other types of 
data. A few even say that the most promising 
route may be to develop theories thatextendto 
the “multiverse” of Hubble volumes beyond 
‘our own (Science, 23 July 2004, p. 464) and, 
ask why the axis might help make our exis- 
tence in this one more likely. 

All agree that, in the end, they may never 
know if the axis signifies anything. “Let's face 
it: Nature might leave us wondering forever 
about certain questions,” Tegmark says. We 
‘have only one universe, and in some ways per 
haps it just is as it is. 


—Michael Turner, 


‘ADRIAN CHO 
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EDUCATION RESEARCH 


U.S. Says No to Next Global Test of 
Advanced Math, Science Students 


After U.S. high school students did poorly on TIMSS in 1995, the government has 
decided not to participate in another version to be given next year 


In 1995, the United States lagged behind 
‘most of the world ona test of advanced math- 
ematics and physics taken by graduating 
hhigh schoo! students from 16 countries. That 
‘won't happen again, if the Bush Administra 
tion has its way: Ithas decided not to partici- 
pate in the next version of the test. 

‘The National Center for Education Statis- 
ties (NCES), part of the U.S. Department of 
Education's Institute of Education Sciences 
(JES), says itis bowing out of 2008 TIMSS- 
A, an advanced version of the Trends in 
International Mathematics and Sci- 
ence Study given quadrennially to 
younger students, because it can’t 
fit the $5 million to $10 million 
price tag into its flat budget. Offi- 
cials also question whether the ta 
‘get cohort— students finishing se: 
‘ondary school who have taken 
advanced mathematics and 
physics courses—is comparable 
around the world. 

But many leaders in the mathe- 
matics community believe that 
the Administration opted out 
because it feared another poor 
U.S. performance would reflect 
badly on its signature education program, 
the 2002 No Child Left Behind Act. While 
advocates of the test look for other sources 
of funding, Science has learned that the 
National Board for Education Sciences, 
which advises IES, will ask for a review of 
the decision next month. 

International tests have proliferated in 
recent years as countries seck ways to meas- 
ture how well they are preparing students for 
jobs in a global economy. And although 
fourth- and eighth-grade U.S. students have 
performed adequately on the TIMMS tests, 
high school seniors have not, In 1995, the last 
time that cohort was measured, USS. students 
topped only Austria in advanced math and 
ranked dead last in physics. 

Planning for 2008 TIMSS-A began in 
2006 atthe urging of Norway and Sweden, 
2 Although 16 countries participated in the 
E first test, only nine—the hyo proponents plus 
Russia, Italy, the Netherlands, Slovenia, Iran, 
& Lebanon, and Armenia—have ponied up for 
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thenew test, which covers geometry, algebra, 
and calculusas well as mechanics, electricity 
and magnetism, heat and temperature, and 
atomic and nuclear physics. Sometime last 
year, NCES quietly decided not to get 
involved, and since then Australia, Germany, 
and Finland have also dropped out. 

Leaders from the US. mathematical com- 
munity, including the National Couneil of 
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Teachers of Mathematics and the American 
Mathematical Society, are up in arms at the 
department's decision, first reported last 
month by the newspaper Education Week. 
They argue that this elite group of students 
needs to be monitored because they are most 
likely to major in STEM (science, technol- 
ogy, engineering, and mathematics) fields in 
college and become the next generation of 
scientists and engineers. “It’s inconceivable 
tome that the government wouldn't fund our 
participation.” says Stanford mathematician 
R. James Milgram, a member of the IES 
advisory board that expects to take up the 
issue at its 30 to 31 October meeting. “The 
1995 test was extremely important in show- 
ing that a problem exists,” he notes. “And the 
only way to know if we're beginning to turn 
things around is by looking at new data to see 
if we've made any progress.” 

In defending their decision, NCES offi- 
cials note that they are already supporting 
international assessments such as the regu- 
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lar 2007 TIMSS for fourth and eighth 
graders, a fourth-grade reading exam, a 
math and science assessment of 15-year- 
olds, and a planned survey of adult literacy. 
They say that US. students may be at a di 
advantage because some TIMSS-A test- 
takers from other countries are older and 
may have specialized in math and science 
during the latter part of their secondary 
school years. In addition, says NCES associ- 
‘ate commissioner Valerie Plisko, whose 
office manages the various international 
assessments, “we typically do not bench- 
mark against these countries.” 

But those explanations don’t pass muster 
with critics. TIMSS-A “is not just a horse 
race,” responds Patsy Wang-Iverson, coordi- 
nator of the group advocating U.S. participa- 
tion and also vice president of the Gabriella 
and Paul Rosenbaum Foundation in Bryn 
Mawr, Pennsylvania, which supports mathe- 

‘matics education. She says there is much 
that US. educators can lear from look- 
ing more closely at this population. “A 
Jot has changed since 1995,” she 
says. “Students are taking more 
math and science and more AP 
[advanced placement] courses, 
and TIMSS-A provides us with a 
wonderful opportunity to evaluate 
their performance. If we don't do 
it now, we'll lose track of an entire 
generation of reform efforts. 
After NCES bowed out, off 
cials at the National Science Foun- 
dation (NSF) asked the Educa 
tional Testing Service (ETS) in 
Princeton, New Jersey, to propose 
how it would administer TIMSS-A. ETS's 
approach also would have laid the foundation 
for a longitudinal study of these advanced 
math and science students, But this summer, 
NSF officials declined to fund the proposal 
after reviewers raised questions about the tar= 
get population and ETS's ability to improve 
‘on the disappointingly tow levels of U.S. par= 
ticipation in the 1995 test. “Well have to do 
more work to resolve those issues.” admits 
ETS’ Michael Nettles. 

Michael Martin, co-director of the 
Boston College-based center that manages 
the international TIMMS-A assessment, says 
the group is on schedule to administer 
TIMMS-A next spring in participating coun- 
tries and report the results by the end of 2009, 
Any change of heart by U.S. officials, he 
adds, won't alter that time frame. “We are sad 
that the United States won't be participat- 
ing,” Martin says. “But at some point the ship 
must sail” 


JEFFREY MERVIS 
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BIOSAFETY BREACHES 


Accidents Spur a Closer Look at 
Risks at Biodefense Labs 


Failure to report a Brucella infection and other problems at a Texas university have 
microbiologists searching for ways to ensure safety and public trust 


An unreported infection with a dangerous 
pathogen and other biosafety breaches at a 
‘Texas university are fueling an already heated 
debate about safety at U.S. biodefense labs. 
The problems at Texas A&M University in 
College Station, which led federal officials to 
shut down the university’ biodefense research 
this summer, follow a spate of accidents at 
‘other U.S. labs in the past few years. They also 
coincide with the accidental release of foot- 
and-mouth virus from a research facility in the 
United Kingdom that has shown the potential 
economic devastation that can result if a 
pathogen escapes. These events are bringing, 
new urgency to a question raised 
soon after the United States began 
pouring money into biodefense 
research after the 2001 anthrax 
attacks: Are the nation’s biodefense 
labs safe enough? 

“Proponents insist there is a 
cleansafety record. That is simply 
wrong, Withsomeagents, it could 
have catastrophic consequences,” 
says microbiologist Richard 
Ebright of Rutgers Univers 
Piscataway, New Jersey, actitic of 
the biodefense expansion. 

Although other scientists and 
biosafety experts say the exten- 
sive breakdown in procedures at 
Texas A&M is probably excep- 
tional, they too worry that many 
incidents are going unreported. 
Next week, a congressional com- 


mittee will examine the 
the biodefense buildup. 

The scrutiny is sending tremors through 
university administrators and the microbiol- 
ogy community, which is struggling with how 
to both ensure safety and gain the public’s 
trust. One idea under discussion is an anony- 
‘mous national accident reporting system that 
would enable institutions to learn from one 
another's mistakes. 

Winning public confidence could deter- 
mine whether several proposed labs, such as 
one being built in Boston, will be allowed to 
operate at biosecurity level 4 (BSL~4), the 


recent accidents and 


me Recent Exposures ir 


% 


2004: Three workers infected with tularemia, Boston University 
2004: Ebola needle stick (no infection), USAID 

2004: Anthrax exposure (no infection), Children’s Hospital, Oakland, CA 
2004: Valley fever (C. immitis) infection, Medical College of Ohio 
2005: Potential Q fever exposure, Racky Mountain Labs, Hamilton, MT 
2006: Brucellosis infection, Texas ARM, 
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Redundancy. Apostive-pressure “space suit" isone 
cof several precautions used to protect workers from 
the deadliest pathogens ina biosafety level 4 lab, 


highest level used to study the most danger- 
‘ous pathogens. Community support will also 
likely play a role in which of five competing 
sites wins a planned $450 million BSL-4 
national agro-biodefense lab funded by the 
Department of Homeland Security. 

‘Some infectious disease experts worry 
that public hysteria fueled by watchdog 
groups over even relatively minor lab in 
dents will paradoxically make it harder to 
establish the atmosphere of trust that is essen- 
tial to running a safe lab, “To ring all the bells 
and bring out the fire trucks is counter- 
productive,” says virologist Clarence J. Peters 
of the University of Texas Medical Branch 
(UTMB) in Galveston. But there is room for 
improvement, he adds: “One of the biggest 
problems is transparency. I think we're all 
‘going to have to get past that.” 


Into the hot zone 
To be sure, biosafety has come a long way 
the past few decades, Before then, “the 
weren'ta whole lot of rules, just a lot of com= 
mon sense” about how torun an infectious di 
case lab, says virologist Charles Calisher of 
Colorado State University in Fort Collins, who 
says the biosafety officer main message was: 
“Put that cigarette out; no more mouth pipet 
ting.” Peters notes that there were thousands of 
lab-acquired infections before the 1970s, when 
labs began installing hoods, shields around 
‘centrifuges, and other safeguards, In 1984, the 
USS. National Institutes of Health (NIH) in 
Bethesda, Maryland, and Centers for Disease 
Control and Prevention (CDC) in Atlanta, 
Geongia, produced the first edition 
ofa guidebook, called Biosafety in 
Microbiological and Biomedical 
Laborutories (BMBL), that pooled 
researchers’ experiences and is, 
now considered the Bible of safety. 
‘Oversight became stricter 
after 2001 when federal agen- 
cies beefed up a regulation, 
called the select-agent rule, for 
the handling of pathogens such 
as anthrax and the Ebola virus, 
that are potential bioweapons. 
The rule requires that lab work- 
ers get a security clearance for 
‘working on the roughly 80 select, 
agents and toxins: 
agent labs be inspected and 
workers undergo training; and 
that lab exposures and losses of 
select agents be reported to 
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CDC. About 14,000 people at 400 labs now 
have select-agent authorization. 

‘To date, the most serious biosafety breaches 
have occurred outside the United States, such 
as several SARS infections in Asia in 2003 and 
2004 that killed one researcher and infected 
‘several people outside the laband the death ofa. 
Russian lab worker from Ebola in 2004. And 
‘some potential exposures—such as animal 
s, needle sticks, and glove tears—are 
inevitable, U.S. biosafety experts say. One of 

the worst recent accidents occurred at the US. 
Amy Medical Research Institute of Infectious 
Diseases in Fort Detrick, Maryland, where a 
‘worker was exposed to the Ebola virus but 
didn’t become infected. Others (see table, 
1p. 1852) involved shipments of 
pathogens labeled nonpathogenic 

that turned out to be virulent. That 

happened with tularemia in Boston 

University in 2004, where three 

workers were infected. The incident 

‘was reported to local authorities 

and made public only after delays, 

adding to criticism of the proposed 

Boston BSL lab (Seience,28 Jan- 

uuary 2005, p. 501). 

‘The problems at Texas A&M, 
however, may be the most egre- 
gious to date, They first emerged 
in April when the schoo! belatedly 
reported to CDC that in February 
2006, a worker was infected with 
Brucella bacteria, a pathogen com- 
‘mon in livestock that causes fever 
and fatigue in humans but is rarely 
fital. This incident, like many oth- 
ers, was brought to light through 
public records requests by Edward 
Hammond of the Sunshine Pro- 
ject, a watchdog group in Austin, 

| Texas. In June, after the Sunshine 
Projectreported that three workers 
F had tested positive for antibodies to the 
Q feverpathogen, CDC shutdownall of Texas 
3 A&M'sselect-agent work. In an August inv 
§ tigation, CDC inspectors found a dozen ser 
ous violations, including unapproved experi 


‘ments, ost samples, improper safety training, 
and lub workers without selec-agent authori- 

: zation (Science, 14 September, p. 1487). 
Some observers stiggest the Q fever anti- 
body tests were not a major issue; none of the 
E workers became ill, and two were apparently 
exposed before they joined the lab. But the 
$ Brucella case, which happened when a 
§ worker leaned into an aerosol chamber to 
clean it, is a clear violation of safe practices: 
The chamber should have been decontami- 
nated with gas first, says Jonathan Rich- 
‘mond, a consultant in Southport, North Car- 
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olina, who oversaw biosafety at CDC in the 
1990s. Ithas added to speculation that more 
incidents aren’t being reported. Hammond 
has used open-records requests to dig up 
examples of exposures, equipment failures, 
and other near-misses at various labs that 
weren't publicly disclosed. He says they sug- 
gest other significant mishaps are hidden. 
Researchers and biosecurity experts say 
serious infections would be difficult to hide 
from CDC. But some agree there is probably 
underreporting of mild infections and potential 
exposures. Workers who make a mistake are 
offen embarrassed and may fear angering their 
supervisor, and institutions worry about the 
damage to their reputation, says Richmond. 
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“It’s been a problem for a long time,” he says. 
Supporting that suspicion, CDC, which has 
recorded about 20 accident reports a year since 
2004, has received 32 reports since April 2007, 
possibly because of the publicity about Texas 
A&M, saysa CDC spokesperson. 

Although the multiple protocol violations 
at Texas A&M may be the exception, less 
extensive violations are not. A 2006 Depart- 
ment of Health and Human Services (HHS) 
Inspector General audit of security proce- 
dures found that I! of 15 institutions had 
“serious weaknesses” such as unlocked doors 
and freezers and lax inventory records. Janet 
Shoemaker, public affairs director for the 
‘American Society for Microbiology in Wash- 
ington, D.C., points out that schools have a 
strong incentive to adhere to the nules; since 
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2003, the HHS Inspector General has levied 
fines ranging from $12,000 to $150,000 on 
nine research institutions and companies for 
breaches such as unapproved select-agent 
shipments. Texas A&M is facing fines as high 
as $300,000 for each violation, 


No public menace 

‘One point of agreement among most scientists 
is that however scary these incidents sound 
the mention of Eboia virus conjures the 1995 
‘movie Outbreak, for example—the risk to the 
Public is very low for most pathogens, for two 
reasons, First, there have been no known envi- 
ronmental escapes fiom BSL~4 labs since the 
carly 1980sand only two workersare known to 


Protiferation. Critics are worried about the potential for infections and escapes at biosafety level 4 (BSL) labs five existing, 
at six least planned) and 84 existing and new BSL-3 biodelense labs as compiled here by the Sunshine Projec. 


have become infected in BSL-4 labs, both out- 
side the United States. Workers have many lay 
rs of protection, including positive-pressure 
“space suits,” and realize the hazards of work- 
ing with pathogens studied in BSL labs, for 
which, by definition, there are no treatments. 

Second, even if an agent studied ina 
BSL lab did escape, most, with the excep- 
tion of smallpox (which can only be studied at 
CDC), are not very transmissible, Anthrax 
doesn't spread person to person, for example. 
Ebola and other hemorthagic fevers that have 
killed hundreds in Africa would likely never 
cause an outbreak in Western countries 
because hygiene and medical treatments are 
so much better, says Peters. (He also notes 
that many select agents, such as anthrax and 
Q fever, occur commonly in nature, so people 
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can get infected without coming anywhere 
near a biodefense lab.) 

Some scientists and biosafety experts are 
more worried about risks at BSL-3 labs, 
because the standards at these labs are not as 
stringent. But even most of these pathogens. 
with the exception of SARS, avian influenza, 
and 1918 flu—are not very communicable, 
and in any case vaccines and other treatments 
are available. At most, says infectious disease 
modeler Ira Longini of the Universi 
Washington, Seattle, “the result could be a 
handful of cases and maybe deaths.” Another 
exception is foot-and-mouth disease, which 
doesn’t infect humans but is extremely conta- 
gious among animals; the escape in the United 
Kingdom, which has been tied to an outdated 
effluent treatment system, would be unlikely 
to occur at more modern facilities in the 
United States, Richmond says. 

Peters worries that the “hysteria and witch 
hunting” by people like Hammond of the 
Sunshine Project is compromising safety by 
making lab workers worry that reporting 
potential exposures will get them fired. “Peo- 
ple can’t be terrified to report,” agrees Jean 
Patterson of the Southwest Foundation for 
Biomedical Research in San Antonio, Texas, 
which runs a BSL-4 lab, 


Safety check 

So how can biosafety be improved? One pro- 
posal is an anonymous, mandatory reporting 
system for all laboratory accidents, Such a 
system would enable labs to learn from one 
another's mistakes, as do the data compiled 
‘on aviation accidents by the National Trans- 
portation Safety Board, says Gigi Kwik 
Gromvall of the Center for Biosecurity of the 
University of Pittsburgh Medical Center in 
Baltimore, Maryland, who co-authored a 
paper describing this proposal earlier this 
‘year in Biosecurity and Bioterrorism. “Other 
industries have gone through this,” says 
Gronvall. The system would also capture lab 
exposures to pathogens not on the select 
agent list, such as HIV and tuberculosis. 
Reporting these to NIH or CDC is not manda- 
tory, Rutgers's Ebright notes. 

But some microbiologists caution that 
reportable incidents should be well-defined, 
lest the system become glutted with minor 
mishaps. (Peters cites UTMB's recent dec 
sion to release, at a community group's 
request, a list ofits 17 near-misses in the past 
5 years.) Also important, says biosafety con- 
sultant W. Emmett Barkley of Bethesda, 
Maryland, reports should include not just 
bbare facts but analysis, as CDC now provides 
for selected lab accidents in its Morbidity and 
Mortality Weekly Report. 


A more radical idea is torequire that BSL-3 
and BSL-4 labs be licensed by the federal gov- 
ermment. This would mean that all these labs, 
not just those working on select agents, would 
be inspected and they would be required to 
follow the same operating procedures. One 
supporter of this proposal, biosecurity expert 
Anthony Della-Porta of Geelong, Australia, 
says the problem now is that BMBL offers 
only general guidance. Others, such as 
Barkley, say institutions need flexibility, espe- 
cially the many BSL-3 labs that don’t do 
biodefense work. 
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There's one fact that nobody disputes: 
The risk of accidents in biosafety labs goes 
up with the number of workers. For that 
reason, watchdog groups and even some 
biodefense researchers lament the lack of 
analysis on whether all of the six planned 
BSL-4 and two dozen new BSL-3 bio- 
defense labs are actually necessary to pro- 
tect the nation from bioterrorism (see map). 
Says Gronvall: “Is there too much [bio- 
defense research]? Without seeing the plan 
of action, its hard to say.” 

~JOCELYN KAISER 


Setting the Forest Alight 


To validate satellite data for carbon-emissions modeling, researchers this summer 
torched a jack-pine forest in Canada and tried to ignite a stand of larch in Siberia 


KODINSK, RUSSIA—In July, as temperatures 
soared during a heat wave in eastern Siberia, 
scores of large fires flared through the 
region's dense pine forests. For 500 kilo- 
meters along the Amur River northwest of 
Lake Baikal, thick smoke blanketed the 
wilderness. Officials with Russia's famous 
airborne forest fire fighting service, Aviale- 
sookhrana, were tracking the wildfires 
at an airbase here in Kodinsk, a small city 
on the Amur. They 
were tense, To them 
it seemed bizarre 
that a team of inter- 
national scientists 
had received permis- 
sion to burn a patch 
of nearby forest. 
Even with every local 
helicopter and plane 
conscripted to serve 
their firefighting 
crews, millions of 
dollars’ worth of 
timber was going up 
in smoke in wildfires. 
's not as though we 
don’t have enough to 
worry about already.” 
mused Oleg Mityagin, the overtaxed local 
Avialesookhrana boss. “We're in no position 
to help them if they lose control.” 

Sixty kilometers to the west at the experi- 
mental site,a group of Russian, American, and 
Canadian researchers hoped to set a test fire 
that would thoroughly burn a hectare-sized 
patch of larch forest, Siberia’s dominant 
conifer. Their aim was to quantify carbon 


Ontario, Canada 


Safe distance. Douglas McRae checks out a gap in 
3 pine forest during an experimental burn in 


emissions from fires in larch forests across 
Siberia, now inadequately documented, 
according to Douglas McRae, a forest-fire 
rescarcher with the Canadian Forest Service. 
McRae has been conducting experimental 
burns in Canada and Russia since 1999 as 
part of project FIRE BEAR (Fire Effects in the 
Boreal Eurasia Region), a research program 
aimed at studying forest-fire bchavior, eco- 
logical effects, emissions, carbon cycling, and 
remote sensing, 

Conceived in 1997, 
FIRE BEAR brings 
researchers from the 
U.S. Department of 
Agriculture (USDA) 
Forest Service and 
the Canadian Forest 
Service together with 
colleagues at the 
Siberian branch of 
the Russian Academy 
of Sciences’ (RAS's) 
VEN. Sukachev Insti- 
tute in Krasnoyarsk. 
As the group's pre- 
vious studies have 
shown, extreme for- 
est fires are grow- 
ing more frequent in Siberia. And some 
models predict that climate change will 
bring dramatic warming—and more for- 
est destruction—in eastern Siberia and 
other northern regions, The experimen- 
tal burn, the FIRE BEAR team hoped, 
would yield direct observations to 
buttress satellite data and fill gaps in 
the models. 
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Flaming wildemess 

The searing summer heat in Kodinsk pre- 
sented a dilemma for the scientific team. 
“We want the larch to burn well in order to 
obtain good data,” McRae explained, “but 
‘we risk losing control if it burns a little too 
well.” In the days leading up to the experi- 
mental burn, bulldozers hacked firebreak 
lanes around the test patch, and researchers 
‘wired the forest floor with probes to gauge 
heat release, carbon emissions, and effects 
on vegetation and micrabes. McRae had 
‘good reason to be anxious. In May, in simi: 
lar weather, he and his FIRE BEAR col- 
leagues conducted an experimental burn 
near Sault Ste, Marie, Canada, in which a 
hectare-sized patch of bone-dry jack-pine 
forest fanned out of control. That experi- 
‘ment was meant to show how infrared tech- 
nology can be used to estimate fuel con- 
sumption and carbon emissions during 
fires. McRae and his colleagues hoped it 
would help them gauge how Russian wild- 
fires contribute to greenhouse gas emis- 
sions, (Russian security laws prevent 
infrared filming from the ai.) 

Only minutes before the scientists 
ignited the fire in Ontario, wind gusts unex- 
pectedly blew through the treetops. After 
ignition, the entire test plot flared in an 
explosive burst that melted computerized 
monitoring equipment. The equipment tech- 
nicians got out unharmed with much of the 
damaged, although still-functioning, gear 
belonging to Martin Wooster, a geographer 
at King’s College London. 

‘Wooster believes that the amount of car- 
bon emitted from wildfires every year is 
possibly half that released by fossil-fuel con- 
sumption, He has been traveling the world 
collecting data to confirm his theory. In the 
Canadian test, he had an opportunity to 
‘gather data at ground level and at 300 meters 
above the fire in a helicopter. Researchers 
‘will use the observations to test the accuracy 
of satellite data. 

While making an infrared film, Wooster 
‘watched the test fire jump across the fire- 
breaks around the experimental site. Within 
a few hours, more than 1400 hectares of 
magnificent pine forests were ablaze. 
Water bombers, surveillance planes, and 
Wooster's rented helicopter scrambled to 
get the situation under control. Wooster 
came away with an impressive data haul 

«, that will help to validate the usefulness of 
§ infrared measurement, he said later. But 
£ Ontario forest officials were not pleased. “I 
strongly doubt they'll be quick to give per- 
‘mission for more such experimental fires in 
future,” Wooster said, 
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Foresters aren't the 
only ones to express 
doubts; Russian secu- 
rity officials have been 
wary, too. Thanks to 
an infusion of fund- 
ing from the Inter- 
national Science and 
Technology Center in 
Moscow, which sup- 
ports nonmilitary 
collaboration between 
Wester scientists and 
those within the Russ- 
ian weapons com- 
plex, FIRE BEAR 
has attracted former- 
Sovict military experts 
in remote sensing. 
Other scientists 
have joined including 
members of the Siber- 
ian RAS’ Institute of 
Chemical Kinetics 
and Combustion in Novosibirsk, as well as 
US. researchers funded by NASA. 

Some Russians have complained of being 
arrested and undergoing harrowingly long 
interviews, says Anatoly Sukhinin, a remote~ 
sensing expert who joined FIRE BEAR after 
career in the Soviet military. “I still spend a 
fair amount of my time explaining our work 
to the police,” complained Sukhinin, sitting 
in his laboratory in Krasnoyarsk, which 
NASA helped equip to receive and interpret 
Siberian fire data beamed from American 
and Russian satellites. “It doesn’t help that 
we're doing these experiments in a region 
which was until recently secret and still 
remains heavily militarized: 

Despite the hassles, the partnership 
seems to be paying off. In recent years, say 
Amber Soja, a research scientist with the 
U.S. National Institute of Aerospace, cur- 
rently resident in the Climate Dynamics 
branch of NASA‘ Langley Research Center 
in Hampton, Virginia, FIRE BEAR papers 
have widened knowledge of Siberian forest 
fires and their global atmospheric effects. In 
1998, Brian Stocks of the Canadian Forest 
Service reported a positive correlation 
between climate-change impacts and an 
increase in the severity of Siberian fires. A 
2004 paper by Soja, along with McRae, 
Sukhinin, and Susan Conard of the USDA 
Forest Service, concluded that disparities in 
the amount of carbon stored in different for- 
est types and the severity of fires within 
them can affect total direct carbon emissions 
by as much as 50%. This is why they need 
specific data on larch fires, which emit less 


Hot results. A sudden gust of wind sent flames temporarily out of control in a 
Canadian test area, but the fire produced terrific data 


‘carbon than pine, Inextreme fire years, they 
found, total direct carbon emissions from 
wildfires can be 37% to-41% greater than in 
normal ones, because severer fires consume 
more organic matter in the forest floor. 

Last year, Soja, Stocks, and Sukhinin pub- 
lished a review of predictions of climate- 
induced boreal forest change. Four of seven 
models predict that warming in Siberia will 
be 40% greater than the global mean, Soja 
spent several weeks at the FIRE BEAR camp 
near Kodinsk last summer, living in a tent and 
subsisting largely on tinned fish and buck- 
wheat cereal while comparing notes with 
her Canadian and Russian co-investigators in 
the run-up the test burn. The predictions she 
co-reviewed, she says, are already coming 
true in Alaska, Canada, and Russia. In 
Siberia, 7 of the last 9 years have resulted in 
extreme fire seasons, she explains. Speaking, 
from the camp, she said “If you are looking 
for climate-change impacts on forests, this is 
the place to be 

On the day of the big test burn this sum- 
mer in Kodinsk, however, all predictions 
went up in smoke. Minutes after local fire 
‘crews ignited the perimeter of the experi- 
‘mental larch site with benzene, dark clouds, 
suddenly appeared and rain doused the 
flames. “You'd be surprised how often this 
sort of thing happens,” McRae said with a 
shrug. “That's what you get for playing with 
fire.” The researchers, who still need the 
larch data, are already planning to torch a 
forest in Siberia next summer. 

PAUL WEBSTER 
Paul Webster writs from Toronto, Canada 
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Part rocket. Part rocket science. 

The Subaru Legacy. With innovations like SI-DRIVE™ for 
switching between fuel economy and performance modes and 
‘Symmetrical All-Wheel Drive standard for greater control, the 
Legacy is quick and quick-witted. Ready for smarter 
performance. It's what makes a Subaru, a Subaru. 


The new Legacye at subaru.com 
Starting at $20,795' 


‘Subaru's sponsorship of the American Association for the Advancement of Science (AAAS) highlights our advanced 
design of Symmetrical All-Wheel Drive technology to our target markets and underscores Subaru's commitment to 
further science, engineering and technology education both at the annual meeting and programs throughout the year. 
‘Subaru is proud to be the Premier Automotive Sponsor of the AAAS. 


AAAS Members Save Between $1,300 - $3,300" 

In a continuing effort to offer our partners unique and valuable benefits, we provide special offers for AAAS Members, 
the Subaru VIP Partners Program. AAAS Members can save between $1,300 - $3,300* off the manufacturer's 
‘suggested retail price (depending on model and accessories) on the purchase or lease of a new Subaru from 
participating dealers. To qualify, you must be a AAAS member in good standing for at least six consecutive months 
prior to participation in this program. Please contact AAAS Member Services at 202.326.6417 or e-mail 
membership@aaas.org BEFORE visiting your local Subaru dealer. Access subaru.com to find a nearby dealer or learn 
more about Subaru vehicles. 


“Limited time offer subject to change without notice. Terms and conditions apply. This offer replaces all previous VIP offers. and is not applicable in Hawaii and Puerto Rico, “Available 
call 25 GTand 30 models "MSA? exudes desinatin and deliver charges te ad restrain Fes Deets actual peice 2008 Subaru Legacy 30 pictured above hasan 
sie oF 31.295 


SCIENTIFIC DATA ARE THE CURRENCY OF 
science, but they offen buy little understanding 
outside science itself—or even outside the 
Jj. B3#row confines ofasinglesciemtifie discipline 

But when data are brought to life through 
images, illustrations, computer graphics, and animations, they can stimulate 
excitement, awe, new ways of looking at things, and, above all, a broad appreciation 
of even the most esoteric scientific information. The stunning photograph on 
the cover of this week's issue of Science is a case in point. It reveals the humble 
and ubiquitous seaweed Irish moss (Chondrus erispus) to be an intricate natural 
construction that looks for all the world like an abstract painting 

For the past 5 years, Science and the National Science Foundation (NSF) have 
cosponsored annual challenges to encourage cutting-edge efforts to visualize 
scientific data. Our interest in supporting these competitions is based on our 
firm belief that bringing data to life visually will be increasingly important not 
only for public understanding of science and engineering but also for improving 
communication actoss scientific disciplines 

This year, we received more than 200 entries from $4 states and 23 countries 
representing every continent except Antarctica. A committee of staff members from 
Science and NSF screened the entries, and an outside panel of experts in scientific 
visualization reviewed the finalists and sclected the winners. The winning entries 
‘appear on the following pages. (No awards were made this year for illustration.) 

We encourage you to submit applications for next year’s challenge, details of 
which will beavailableat www.nsf gov news special_reportsscivis index. jsp. and to 
join us in celebrating this year’s winners. 

Susan Mason of NSF organized this year's challenge. Benjamin Lester of 
Science's news staff wrote the text that accompanies the images in this special 
section, and Stewart Wills and Tara Marathe put togethera special Web presentation 
at wwwsciencemag.org/sciext/vis2007. 

JEFF NESBIT, DIRECTOR, OFFICE OF LEGISLATIVE AND PUBLIC AFFAIRS, NSF 
MONICA BRADFORD, EXECUTIVE EDITOR, SCIENCE 
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Photography 


FIRST PLACE (TIE) 
WHAT LIES BEHIND 
OUR NOSE? 


Kai-hung Fung, Pamela Youde 
Nethersole Eastern Hospital 


Visualization 
Challenge 


HUMAN ANATOMY IT MAY BE, BUT THE AIRWAYS THAT RIDDLE THE SPACE BEHIND OUR 
noses take on an alien aspect in this unearthly rendering created by Kai-hung Fung, a 
radiologist at the Pamela Youde Nethersole Eastern Hospital in Hong Kong. 

‘A computed tomography (CT) scan from a 33-year-old Chinese woman being 
examined for thyroid disease provided the raw data for Fung’s rendering. He stacked 
together 182 thin CT “slices” to create a 3D image looking upward atthe sinuses from 
underneath the head, 

Fung chose to use the patient's CT images for his rendering, he remembers, because 
“[she had] a very straight nasal septum and wavy maxillary sinuses; ... the anatomy was 
exceptionally beautiful,” he says. 

Normally, CT renderings meld stices together into smooth surfaces, but, in what he 
terms the “Rainbow Technique,” Fung instead broke them apart, creating a topographical 
map of the airspaces described by the contour lines of individual slices, and colored 
according to the density of the tissues that border them. 

Fung digitally removed the bones, soft tissue, and fat from the rendering to create a 
solid “cast” of the sinuses’ air envelope. “The sinuses are hollows in the bone just ike the 
central cavity in a papaya,” he says. One way to get a feel for the shape of such a cavity is 
to look at a cross section of it, but, he says, it's much more readily apparent in a mold 

The upward-looking angle that Fung used was fascinating, says panel of judges member 
Sherry Marts. “You react [to the image] on two levels; it piques your curiosity ... and then 
draws you into the information that’s contained in fit).” 
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FIRST PLACE (TIE) 


IRISH MOSS, 
CHONDRUS CRISPUS 


Andrea Ottesen, 
University of Maryland 


THE SLIMY, GLISTENING MASS OF 
seaweed washed up on a sandy 
beach seems light-years distant 
from this feathery, dendritic image 
of Irish moss (Chondruscrispus) cre 
ated by Andrea Ottesen, a botanist 
and molecular ecologist at the Uni 
versity of Maryland, College Park. “if 
you pull Chondrus out of the ocean, 
it’s folded on itself—really curled 
up,” she says, It wasn’t until after 
she had “pressed every one of those 
little ends down with sea stones” 
and let it to dry for 2 days that the 
seaweed’s beautiful, simple shape 
was revealed. 

Ottesen uses only a black back- 
ground, a Canon ELPH 7-megapixel 
digital point-and-shoot camera, and 
natural lighting to photograph 
many ofthe plants she encounters in 
her work. Her winning photo shows a 
piece of Irish moss she collected off 
the coast of Cape Breton Island, 
Nova Scotia, while cataloging the 
use of kelp products as fertilizers for 
a sustainable agriculture experi- 
ment. “You can get just as good 
HONORABLE light—or even better—with natural 

light” than with strobes and spot- 
lights, she says 
TINY METAL The 15-centimeter-wide red 
algae seems exotic in this abstract 


MENTION 


PATHWAYS: portrait, but it is ubiquitous both in 
‘Adam C. Siegel and George M. nature and in our day-to-day lives. 
Whitesides, Harvard University Besides being one of the most com: 
mon seaweed species on the Atlantic 
11'S NOT OFTEN YOU SEE A WIRE INTENTIONALLY coast, says Ottesen, irish moss and 
tied into a knot, especially when that wire is a algae like it are sources of natural 
state-of-the-art microstructure only 200 micro- thickeners and stabilizers called car- 
meters wide. However, Adam Siegel and colleagues rageenans, which are widely used in 
at Harvard University tangled up their invention to processed foods as diverse as lunch 
prove a point: Flexibility is key to integrating meat and ice ream. 
microelectrical circuits into fabrics, according to “There was this gasp when this 
Siegel. Rather than extruding the wire, Siegel and photo came up on the screen,” 
colleagues poured molten indiumtin solder into a says panel of judges member 
microfluidic channel in dear sitcon and allowed it Felice Frankel. “We shouldn't for- 
to cool. Depending on the solder composition, he get that we don’t need [complex 
says, the wire can be solid or flexible, and any equipment and techniques) to cre- 
breaks can be healed by simply reheating it ate beautiful representations.” rm 
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Modeling the flight of a bat 


FIRST PLACE  MOSTSHORT-NOSED FRUIT BATS 
(Cynopterus brochyotis) spend 

MODELING THE their nights flitting about in the 
FLIGHT OF A BAT jungles of Southeast Asia. How- 
ever, some ofthe tiny creatures, 

pate ae ee which weigh less than 50 grams 
G fully grown, tead an altogether 

Mykhaylo Kostandov, _gitferent existence: flitting about 
Brown University inwind tunnels under the watchful 
eyes of aerodynamics researchers 

Interested in the tiny mammals’ flight dynamics, Brown 
University engineer Kenneth Breuer used lasers anda sophist- 
cated multicamera motion-tracking system to record how their 
wings and the air around them distorted a the animals flapped 
against the wind. Based on the experiments, aeronautical 
engineer David Willi, who has a joint appointment at Brown 
and MIT, Brown computer scientist Mykhaylo Kostandov, 
and their colleagues created a computer model of bat light— 
visually conveyed inthis poser 

"When viewed in slow motion,” says Willis, “bat flight is 
beautiful and complex. The goal of this ilustration isto capture 
that beauty while also adding scientific merit” 

“You didn’t have to read anything; the poster conveyed 
information... from across the room,” says panel of judges 
member Sherry Marts. Judge Gary Lees ikens the main image to 
“sik blowing inthe wind.” 


Interactive Media 


NOBEL LAUREATE CARL WIEMAN WAS LOOKING FOR A WAY TO EXPLAIN HIS 
research into Bose-Einstein condensates—strange assemblies of supercold atoms 
that lose their individuality and form “superatoms"—to both physicists and school- 
children. He began creating computer simulations, but he swiftly realized their 
wider potential for teaching physics ofall types and initiated the Physics Education 
Technology (PhET) project at his then-home of the University of Colorado, Boulder, 
and began churning out simulations. 

Today, the PhET Web ste lists 65 simulations available for free download, illus- 
trating everything from quantum tunneling to projectile motion, Wieman, who is 
now based at the University of British Columbia in Vancouver, says several million 
sims were run directly off the Web site in the first 6 months ofthis year, but says the 
true usage is much higher, because most people download the sims and run them off 
their own machines. At a cost of between $10,000 and $50,000 to create and test 
each simulation, the project is a considerable enterprise, bankrolled at frst by the 
National Science Foundation and later by a medley of sources, including Wieman’s 

‘own Nobel money. “They're not cheap todo right," he says. 
z ¥ However, Wieman and team got what they paid for. “Some of 
SSF 5s) the principles of physics have never been as well depicted and 
elucidated,” says panel of judges member Gary Lees. 


: FIRST PLACE 
| PHYSICS EDUCATION TECHNOLOGY 
PROJECT (PhET) 
Carl Wieman and the PhET team, Univ. of Colorado, Boulder 
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Informational 
Graphic 


WHAT TIES LIFE FORMS TOGETHER? Visitors to the Exploratorium in San Francisco, 
Galifornia, discover that life has four basic traits: Life needs energy; all life shares 
common materials; life creates more life; and life changes over time. Unveiled in 2003, 
the “Traits of Life” exhibit has been hugely popular, even spawning a traveling road 
show, This poster sprang from the drive to provide examples of the ways in which life 
ses energy. Geared toward high school students, it explains the cycle that muscles use 
to “tur energy into motion.” 

Graphic designer Mark McGowan, scientific ilustrator David Goodsell, and their 
Exploratorium colleagues use the example of gripping a baseball to explain how 
‘muscles work. Zooming in on a chunk of hand muscle 


with a magnification power of 200,000, the exactly 
scaled poster shows how club-headed molecules of 


HONORABLE 


MENTION 
myosin use energy from ATP to repeatedly grab long fil- En 2 
aments of actin and drag them toward each other “like HOW DOESA 
a ship's crew pulling a rope hand over hand.” Repeated 7 
tills of times in all the muscle fibers of the hand, MUSCLE WORK? 
the result is a baseball that doesn’t fall to the floor. Mark McGowan and 

The Exploratorium has distributed the poster David Goodsell, 
widely, in part by including itn the winter 2003 issue Exploratorium 
af Exploratorium Quarterly, to nearly 20,000 
members, subscribers, and teachers, 

- 


HONORABLE 


aSeiee A VISIT TO THE DOCTOR'S 
BREASTCANCER __ ffce can be a scary, confusing 

experience, particularly when 
VIRTUAL ANATOMY the subject under discussion is 
Cathryn Tune and chemotherapy's failure to erad- , 
Samantha Belmont, _icate breast cancer. Cathryn = 
CG Metamedia Tune, Samantha Belmont, and 


their team at CCG Metamedia, 
a medical education company based in New York City, 
created this interactive tool to help doctors explain to 
their patients the anatomy and progression of their 
cancers in a clear, easy-to-understand manner, The 
interface allows doctors to select tumor size and level 
of metastasis and displays the part of the patient's 
anatomy that cancer is attacking while suggesting 
treatment options. 

The program was created to promote Abraxane, 
an injectable drug designed to treat patients whose > 
chemotherapy has failed, and was distributed to 
oncologists during an educational course titled 
“Difficult Cases in Metastatic Breast Cancer,” funded 
by Abraxis BioScience, the drug's developer. m 
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NICOTINE 


ee MECHANISM OF 
ICD DEPENDENCE 


Visualization 
Challenge 


Noninteractive 


Media 


FIRST PLACE  WITHEVERYDRAGASMOKERTAKES, TRILUIONS OF NICOTINE 
‘molecules rush from the lungs to the bloodstream and into 


NICOTINE: THE the brain, where they bind to er4B32 nicotinic acetylcholine 

PHYSIOLOGIC receptors and stimulate the release of pleasure-inducing 

MECHANISM OF dopamine. But as nicotine is eiminated, dopamine level fall, 
and smokers begin to crave another dose. 

TOBACCO ‘Overtime, the brain becomes dependent on the drug, and 

DEPENDENCE the result is an addiction that aims 4 million lives a year 
from emphysema, lung cancer, heart disease, and other 

Donna DeSmet and 

pes smoking-related diseases. 

tains That is the message of this video, created by art director 


Donna DeSmet, animator Jason Guerrero, and their team at 
New York City-based Hurd Studios, a scientific visualization company specializing in 
“cutting-edge science with educational aspects,” according to president Jane Hurd. 

The video was distributed to physicians worldwide as part of an educational course 
funded by the pharmaceutical company Pfizer, which manufactures the smoking-cessation 
drug Chantix. 

Panel of judges member Gary Lees was impressed with the direct simplicity of the 
video. “the video] pulled it together,” he says, “from the outside world to the molecular 
level ofthe addiction.” 
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HONORABLE 
MENTION (TIE) 


MOBIUS TRANSFORMATIONS 
REVEALED 
Douglas N. Arnold and 


Jonathan Rogness, University 
—— ae = of Minnesota, Minneapolis 


‘ANY REAL NUMBER CAN BE PLOTTED ON A LINE THAT RUNS FROM NEGATIVE TO POSITIVE 
infinity, but throw in an imaginary component and the line becomes a plane, where 
complex numbers are plotted on both the real and the imaginary axes. Mébius 
transformations are mathematical functions that send each point on such a plane 
to a corresponding point somewhere else on the plane, either by rotation, translation, 
inversion, or dilation. It may sound confusing, but after watching this simple and elegant 
explanation of Mabius transformations created by Douglas N. Arnold and Jonathan F 
Rogness of the University of Minnesota, Minneapolis, everything becomes clear. Set to 

classical music, the video demonstrates the transformations in two dimensions but then f 
backs away and adds a third—placing a sphere above the plane and shining light through 

it. As the sphere moves and rotates above the plane, suddenly all the transformations ; 
become linked, in a way that conveys visually in minutes what would otherwise take 

“pages of algebraic manipulations” to explain, says Rogness. E 


HONORABLE THE CENTER OF A HURRICANE’S 
MENTION (TIE) eye may be calm, butits walls are 

anything but. As NASA's Tropical 
TOWERS INTHE TEMPEST Rainfall Measuring Mission satel- 
Gregory W. Shirah and lite orbited above the Caribbean 


i in 1998, it captured radarimages 
ori Perkins, NASW/GSFC OF vast clouds dubbed “hot tow 
5," stretching up nearly 18 kilometers into the sky, inthe eye 
wall of Hurricane Bonnie as the hurricane moved northwest along 
the northern edge of the Bahamas. n “Towers in the Tempest,” 
Gregory W. Shirah, Lori K. Perkins, and their colleagues at NASA's 
Goddard Space Fight Center in Greenbelt, Maryland, use satellite 
imagery and supercomputer simulations to reveal these hot 
towers as the hurricane’ “express elevators,” intensifying the 
storm as they launch swirling air from the storm's base up all the 
way tothe edge ofthe stratosphere at 18,000 meters. 
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Birds Like Music, Too 


IN THE RANDOM SAMPLES ITEM “MONKEYS HAVE TIN EARS” ON A 
recent study by Joshua McDermott and Mare Hauser (/), Isabelle 
Peretz is quoted as saying, “The observations suggest that only humans 
have a natural, or innate, inclination to engage with music” (3 August, 
p. 577), This statement is not quite true, McDermott and Hauser have 


that Java sparrows can discriminate between Bach's French Suite no. 5 
inG minor and Amold Schoenberg's Suite for Piano opus 25. The birds 
were also able to generalize new music by Bach (Orchestral Suite No. 3 
in D major) and Schoenberg (Five Orchestra Pieces, Opus 16) and 
artists in similar categories, i.c., Vivaldi and Elliott Carter, In these 
experiments, music by Bach and Vivaldi was considered classical 
‘music, while the music of Schoenberg and Carter was considered moxl- 
em music. Watanabe and Nemoto (3) have also shown that, given the 


shown a difference betwet 
respond to music, but they have not 
shown a difference between humans 
and all other animals. It is a well- 
known phenomenon that birds use 
song to communicate. Whether bird- 
song is considered music is still de- 
batable; however, the many parallels 
between birdsong, language, and 
music have been, and are still, exten- 
sively studied. Certainly, there are simi- 
larities between humans and song- 
birds in their ability to discriminate 
and respond to music, For example, 
Watanabe and Sato (2) have shown 


how humans and nonhuman primates 


option of thi 
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music, the Java sparrows pre 


¢ perches producing either silence, classical, or modern 


Fred Bi 


ch to Schoenberg and 


Vivaldi to Carter. These results indicate that Java sparrows or 
songbirds prefer classical to modern music, or perhaps just more 
harmonious to dissonant sounds, Additionally, the sparrows 
chose music they “liked” (e.g, Bach) over silence or music they 
iked” (c.g., Schoenberg). These findings resemble those of 
MeDermott and Hauser and suggest that birds, like humans, 
clearly engage, and are inclined to engage, with music. 
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Climate Change: 
Don't Forfeit the Game 


THE ATMOSPHERE HAS A BOTTOM LINE FOR THE 
United States Congress: By 2050, we need to 
cut our output of greenhouse gases to about 
20% of our 2004 levels. A bill considered ina 
recent Science Editorial (“Climate: Game 
over.” D. Kennedy, 27 July, p. 425) as most 
likely to become law does not cut emissions 
enough to achieve that goal. The flaw in this 
legislation, drafted by Senators Jeff Bingaman 
(D-NM) and Arlen Specter (R-PA), is that 
it includes a large loophole called a “safety 
valve.” Ifit costs more than $12 for emitters to 
cut one ton of carbon emissions (a likely soe- 
nario),the cap is ifted, polluters can spew with- 
out limit, and emissions will continue to rise. 
The safety valve is essentially an old- 
fashioned goverment price control that will 
curb the amount of private capital flowing to 
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reductions in pollution. To accept a safety 
valve as part of a political compromise is to 
surrender the notion of legal limits on global 
‘warming pollution. No air pollution problem 
has ever been solved. anywhere in the world, 
without mandatory legal limits. 

Areal cap, a carbon tax, and a policy witha 
safety valveall increase the price of poliutingas 
away to discourage it. But similarmeans donot 
necessarily produce similar outcomes, The 
goal of climate change policy is not to send a 
price signal, buttoreduce the quantity of global 
‘warming pollution soas to stabilize the climate. 

Only a cap without loopholes delivers the 
scientific goods. The ultimate benefit of a rue 
cap—in addition to a price signal that reduces 
emissions and pushes investment— is that it 
legally guarantees the cuts that science say 
we need. A policy with a safety valve falls 


short, as I have described. A tax simply cannot 


promise the necessary cuts—because, among 
other things, no one knows what level of tax 
will impacteconomic behavior enough to pro- 
duce the necessary reductions in energy use 
and emissions. Global warming policies and 
carbon marketsin the rest of the industrialized 
world are based on real limits, without loop- 
holes. Ifthe United States suecumbs toa “best 
efforts” approach, without real accountability 
for an actual legal limit, we will undermine 
the possibility of an effective post-Kyoto 
agreement that ensures that all nations con- 
tribute the tons of emissionsreductionsneces- 
sary to solve this planetary problem. 

Leaders in Washington might be open to 
an ineffective solution that is politically easier 
to swallow. I believe D. Kennedy underesti- 
mated the momentum, in and out of Wash- 
ington, fora real solution to climate change. A 
year ago, pessimism would have been well 
Founded. However, since then, a parade of 
interest groups and formerly skeptical legisla- 
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tors have stood up in favor of a strong action. 

Currently, 26 major companies have joined 
environmental groups in the U.S. Climate 
Action Partnership to lobby for an airtight cap 
‘on greenhouse gas emissions. House commit- 
tee chairman John Dingell (D-MD), previously 
aa skeptic, has promised an effective bill. In the 
‘Senate, the leader of the relevant committee is 
currently the author of one of the most ageres- 
sive bills to solve the problem. In the past 
‘month, the need for action was endorsed by 
the Business Roundtable, representing 150 
companies, including Exxon Mobil. Four pre- 
viously skeptical moderate and conservative 
senators—Lindsey Graham (R-SC), Blanche 
Lincoln (D-AR), Mary Landrieu (D-LA), and 
John Warner (R-VA)—came together to 
‘announce a new recommendation for reduc- 
ing the cost of a cap on emissions without 
sacrificing the environmental goals. And 44 
House Republicans broke ranks to support a 
resolution calling for serious, mandatory 
action to cut emissions. 

Meaningful climate legislation is achiev- 
able in this Congress. As a principal voice of 
the scientific community, D. Kennedy and 
Science should insist ont FRED KRUPP 
{rvronmental Deters, New York, MY 10030, USA. 


Climate Chang 
One Goal at a Time 


LEGISLATION RECENTLY INTRODUCED BY 
Senators. Bingaman, Specter, Harkin, 
Stevens, Murkowski, and Akaka, although 
not perfect, contains essential elements of a 
sound and durable climate policy for our 
nation. Itwould deliver mandatory, economy- 
wide reductions in all greenhouse gases; 
cover most emissions without a vast new 
bureaucracy: use trading to achieve maxi- 
‘mum benefits at minimum cost; and generate 
substantial new funds to develop the tech- 
nologies needed for a low-carbon future. 

‘Some in the environmental community, 
however, are opposing the bill because it 
includes a “safety valve”—a price protec- 
tion mechanism designed to ensure that the 
costs of reducing greenhouse gas emissions 
don’t rise above a known, predetermined 
level. They view this feature as.a fatal flaw. 
couldn't disagree more. 

‘Under Bingaman-Specter, there's no “escape 
hatch” from the financial consequences of 
emitting. Companies would buy additional 
allowances only if the costs of reducing 
emissions exceed a price threshold that starts 
at $12 per ton of carbon dioxide ($44 per ton 
of carbon) and escalates 5% above the rate of 
inflation every year thereafter. Many who 
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oppose this provision also insist that cutting 
emissions will be relatively cheap. If they’ 
right, the safety valve will never be used. But 
when it comes to designing a policy that calls 
this bet, confidence in low-cost solutions 
mysteriously evaporates. 

believe that those solutions do exist and 
that the cost cap in the Bingaman-Specter bill 
willbe invoked rarely, ifatall But also recog- 
nize that we are never going to passa law unless 
‘wean convince legislators from heavily indus- 
trialized states that their concerns about US. 
jobs and competitiveness have been addressed. 
‘True, including the safety valve means opt- 
ing—at least initially —for economic certainty 
over emissions certainty. But that’s trade-off 
‘worth making ifithelps cut through the endless 
cost debates that have blocked action on cli- 
‘mate change in this country for over a decade. 

The safety valve is also important to guard 
against excessive price volatility in allowane 
markets. The potential for such volatility exists 
under a “hard” emissions cap, especially in 
the early years of program implementation, 
Nothing would erode support fora carbon cap- 
and-trade program more quickly than energy- 
price spikes caused by rapidly fluctuating 
allowance prices. Volatility serves no one’s 
interests—except those of companies that 
profit by playing the market. It is no surprise, 
then, that business opposition to the safety 
valves coming not from energy providers, but 
from financial traders and brokerage firms, 

As the economy adjusts to carbon con- 
straints, we'll need emissions certainty more 
than we need cost protection, The Bingaman- 
Specter bill provides the flexibility to adjust to 
changing circumstances by creating regular 
opportunities for Congress and the president 
to review and modify the safety valve and 
other program parameters. In the meantime, 
the safety valve plays a third crucial role: It 
invests the funds from allowance sales into 
technology incentives and R&D. The safety 
valve will only be triggered if our future tech- 
nology options are poor, but it constantly 
hedges against that possibility by making 
deep investments in technology. 

A key test for any climate policy is whether 
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it changes the investment outlook for old-style 
coal-fired power plants. Any climate policy that 
keeps this option alive is not worth much. The 
Bingaman-Specter bill meets this test by pro- 
viding new incentives for carbon capture and 
storage that, coupled with a price on carbon 
under the emissions trading program, will 
make advanced coal plants with carbon capture 
‘competitive with conventional technology. 
Any law passed now must provide a strong 
starting point for long-termaction, But further 
delay in pursuit of ideological purity doesn’t 


advance the shared goals of the advocacy 
community or begin to provide answers for 
ourrapidly warming planet, HAL HARVEY 


Wiliam Flora Hewlett Foundation, Menlo Park, CA 
94025, USA. 


TECHNICAL COMMENT, 


Comment on “A Semi-Empirical 
Approach to Projecting Future 
Sea-Level Rise” 


Simon Holgate, Svetlana Jevrejeva, 
Philip Woodworth, Simon Brewer 


Rahmstort (Reports, 19 January 2007, p, 368) presented 
‘an approach for predicting sea-level rise based on a pro= 
posed linear relation between global mean surface tem= 
perature and the rate of global mean sea-level change, We 
Find no such tinea relation, although we agree that there 
is considerable uncertainty in the prediction of future sear 
level rise, this approach does net meaningfully contribute 
‘to quantifying that uncertainty. 

Full text at wom.sciencemag.org/cgikontenuull317/ 
SeA6ns66 


Comment on “A Semi-Empirical 
Approach to Projecting Future 
Sea-Level Rise” 


‘Torben Schmith, Soren Johansen, Peter Thejll 


Rahmstorf (Reports, 19 January 2007, p, 368) used the 
‘observed relation between rates of change oflabal su 
face temperature and sea level to predict future sea-level 
tse. We revisit the appiation of the tattical methods, 
Used and show tha estimation ofthe regression coe 
Cent is nat robust. Methods commonly used within 
econometrics may be more appropriate forthe problem 
of projected sea-evel rise. 

Fulltext at wn scincemag.or/eikonton/4lV317/ 
SBA6866 


Response to Comments on “A Semi- 
Empirical Approach to Projecting 
Future Sea-Level Rise” 

Stefan Rahmstorf 


‘Aditional analysis performed in response to Holgate et al. 
‘and Schmith ta. shows that the semi-empirical method 
for projecting future sea-level ise passes the test of predict- 
jing one half ofthe dataset based on the other hal. fur- 
ther shows thatthe condusons ae robust with respec to 
choices of data binning, smoothing, and dtrending, 


Full text at wor. sciencemag.org/cqitcontenuull317/ 
Seerseed 
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Aryan Idols 


Ind 
My 


by. 


ythology as Ideology 


HISTORY OF SCIENCE 


Myths and Consequences 


Michael Witzel 


his books about long-gone, hypothet- 
[ ical people, the Indo-Europeans, who 
‘were once wrongly called“Aryans.” We 
only know about them through their well- 
reconstructed language, which was spoken 
around 3000 BCE, Most languages of Europe, 
as well as Indo-Iranian languages (Persian, 
Sanskrit, Hindi) and the extinct Tocharian of 
western China, descend from it. However, 
Aryan Idols, originally published in Swedish 
seven years ago (/), deals only mar; 
with Indo-European linguistics. Rather, Stefan 
Arvidsson (a scholar of rel 
versity of Halmstad) analyzes the misuse that 
Indo-European linguistics has been put to over 
the 200 years since its inception. 

This misuse is intimately intertwined with 
convoluted history of theterm “Aryan”: dryw 
was the self-designation of the Iranians —Iran 
means "(the country) of the Aryans”—as 
well as of the ancient Vedic Indians, whose 
descendents now speak Indo-Aryan lan- 
‘guages such as Hindi, Urdu, etc. However, 
during the 19th century Aryan was often used 
to designate all Indo-European languages and 
their speakers. From this the Nazi usage of 
Aryan was derived, in which it meant also the 
a particularly that of 
northern Europeans, 

Unintended consequences of technical label- 
ing and the misuse of the results of scholarship 
by nonspecialists are 
both ubiquitous and 
specific for particular 
periods. The history of 
“Aryan” ideas is that 
of a series of follies 
that, in some shape or 
form, still continue. 


of its speak 


do-European 


id Scienc 


‘Stotan Arvidsson 


Translated from the 


Chicago 
2006, 386 pp. $5 
ISBN 978022 


1868 


They simply reflect the 
cultural history of Eur- 
ope and America from 
the 1780s until today. 
The successful re- 
construction of the 
Indo-European parent language in the early 
19th century resonated well with the search 
for ultimate origins prominent at the time, 
resulting in fantasy-laden histories. The 
non-Indo-European Finns and Hungarians, 
too, searched widely for their homeland, in 


ichmann, University of 


The reviewer is at the Department of Sansirit and indian 
‘Studies, Harvard University, 1 Bow Street, Cambridge, A 
(02138, USA. E-mail: ite @tas harvard. 
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Martin Eskil Winge, Thor's Battle Against the Giants and the 
‘Midgard Serpent (1872). In the 19th and 20th centuries, this scen 

ht with Vitra were 
as the struggle of the Aryan against both the brute 


“Apollo's struggle against Python, and Indra’ fi 
interpreted 
force of nature and primitive peoples.” 


Tibet. Such inventions of tradition may appear 
only tobe of historical interest now, but people 
are still fascinated by their origins and ances 
tors, as the current enthusiasm for DNA test- 
ing in genealogy shows. The Aryan folly con- 
tinues with current chauvinist fantasies that 
influence one billion Indians now. In their 
own Aryan myth (not treated by Arvidsson) 
Aryans are the indigenous “sons of the soil” of 
their “fatherland” where they constitute “one 
country, one people, one culture.” We have 
beard al of that before. 

Arvidsson provides a detailed discussion of 
the twists and tums of the debate over the past 
two centuries, useful summaries, and some 
simplified tables that allow for quick orienta- 
tion. He presents clearly the complicated web 
of mutual influences—for example, those 
spreading from Max Mailler to Sylvain Lévi 
and from Lévi to Leopold von Schroeder. The 
latter was an important figure in the circle of 


the composer Richard Wagner and the 
racist Houston Chamberlain, whose ideas 
became influential in the development of 
Nazi concepts: intellectual Glasperlenspiel 
soon turned into real-life politics. 
Unfortunately, Arvidsson 
usually relies on secondary 
sources. That approach is pri 
tical when dealing with 200 
years, but it leads to some im- 
balances. Thus, the work of 
Franw Bopp, the actual founder 
of Indo-European linguistics, is 
‘mentioned only in the margin, 
ind Arvidsson’s description of 
Indology does not indicate the 
nature of the discipline well. 
Although he quotes many ps 
sages, thankfully in the origi- 
nal languages, 
from Germa 
are not 


he translations 
(via Swedish?) 
ways correct (nor 
are individual references in 
the bibliography), 

In sum, Aryan Idols is a 
useful analysis and summary, 
even if it is not always reli- 


able or complete and occa- 


sionally is even a bit biased, 


as will be seen 

Itis only possible to give a 
fow highlights of the history of 
Indo-European Aryan myths, 
The relationship between San- 
skrit and the other Indo- 
European languages was first 
elaborated in a Calcutta speech 
by William Jones in 1786 and 
in Bopp’ grammar of 1816 (2). 
During the Romantic period, 
the pan-European search for origins led to 
imagining an Indo-European homeland in 
India, as Sanskrit was seen as the oldest form 
of Indo-European. The second half of the 
19th century was dominated by the Oxford 
Indologist Max Miller and his Romantic 
interpretation of Vedic and Indo-European 
materials as primitive nature mythology, 
reshaped by the “disease of language.” How- 
- in the 1870s, when the strict neogram- 
marian school realized that Sanskrit was but 
a daughter of Indo-European, scholars 
started to look for another original Indo- 
European homeland, 

Concurrently, during this period of Euro- 
pean dominance, Darwinism and “race sci- 
ence” emerged and a new myth took form: a 
European or even Nordic Aryan race of noble 
warriors had conquered western and southern 
Eurasia, Some scholars, such as Miiller and 
the linguist Hermann Hirt (neglected by 
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Arvidsson), opposed any connection between 
language and race. Nonetheless, this new folly 
was combined with the nascent field of archac- 
ology, fueling further fantasies about Indo- 
Europeans as Nordic agriculturalists, which 
resulted in the later Nazi “blood and soil” ide- 
ology, Mixing al ofthe above, amateur writers 
of the carly 20th century such as Alfred 
Rosenberg laid the ground for Nazi ideology. 
Race studies and eugenics emerged as “sci- 
ences” in many countries, During the 12 years 
of Nazi reign in Germany, the heady Aryan 
bbrew had its most disastrous consequences in 
the extermination of “non-Aryans.” including 
the Indo-Aryan Roma (Gypsies). 

After 1945, other, stll-current, interpreta- 
tions of Indo-European myths andarchacology 
took over. Again, nonlinguists made wrong use 
of the results of one science to build theories 
for another. The Indo-European mythologist 
Georges Dumézil, the scholar of religion 
Mircea Eliade, and the archaeologist Marija 
Gimbutas predominated in the postwar period. 
‘The latter still is somewhat influential in trac 
ing Indo-European horsemen’s invasions out of 
the Ukrainian and Russian steppes into a sup- 
posedly peaceful, matriarchic Old Europe. The 
three have recently been accused of fascist ten- 
dencies, and Arvidsson even speculates that the 
Lithuanian-bom Gimbutas’s stance was due to 
her anti-Russian feelings. This kind of analysis 


may be fashionable (Foucault, Derrida); how- 
ever, Arvidsson makes an art form of it—as 
when he even detects “catholic” (P. W. 
‘Schmidt, W. Koppers) and “protestant” writers 
on Indo-European myth. Throughout the book, 
we find such linkages between contemporary 
socioreligious developments and the develop- 
ment of Aryan fantasies. 

Arvidsson’s sympathies clearly are with 
Bruce Lincoln, who has recently turned 
a critic of certain Proto-Indo-European 
hypotheses, maintaining that the ancestral 
mythology of cirea 3000 BCE cannot be 
reconstructed. But, as with the ancestral myth- 
ologies belonging to other language families, 
our understanding of it ean be put on much 
firmer ground through combined historical 
and comparative methods (as! hope to demon- 
strate in a forthcoming book). 

Arvidsson does see one way out of origin 
myths of the Aryan kind, through the com- 
parative study of history. But he overlooks 
the recent internal critique made by Indo- 
European linguists, such as Stefan Zimmer 
(3), who have clearly pronounced against 
using “linguistic paleontology.” Many others 
also distinguish between genuine linguistic 
discussion and gratuitous speculation that 
correlates linguistics with archaeology or, 
currently, with population genetics. Still, such 
methodological discussions do not deter some 


EXHIBITION: ANTHROPOLOGY 


The Disaster Business 


katastrophé, from kutastrephein to 
‘overturn, from kata: [down] + strephein 
to tun 


Ithough the perpetual threat of disas- 
AS ‘makes us fear the unexpected, our 

imaginations also prepare us to man- 
age disorder and suffering. Consequently, 
given some period of peace after a catastro- 
phe, societies rapidly regroup and act not only 
to assist their own members but also to help 
others, often far distant and quite anonymous, 
to rebuild their infrastructure and their faiths. 
The objects that help humans to be so resitient 
are the subject of the exhibition Seénario 
Catastrophe, curated by Christian Delécraz, 
Laurie Durussel, and Alessia Fondrini, 
currently at the Musée d’ethnographie de 
Genéve. An accompanying volume offers 
essays from an interdisciplinary range of 
authors that includes anthropologists, artists, 
social psychologists, historians, agronomists, 
aid workers, and journalists. 


CREDIT WATTS MISEE DETHNOGRARHIEDE GENEVE 


www sciencemag.org, 


The exhibition in 
French and English) 
brings a multimedia 
perspective to coping 
with disaster. Atthe start, 
Visitors are surrounded by 
the sounds of doom: war, earthquake, Klaxons, 
radio announcements, and wailing children. 
‘They are then safely delivered into a suburban 
sitting room where the television chatters an 
amiable counterpoint. Hanging on the walls, 
and shelves of the room are a sclection of 
fetish objects. 

People take a variety of approaches to 
satisfy their desire for advanced warning 
of impending catastrophe. In most societies, 
amulets commonly feature animals. The pri- 
mary explanation isthatmany animalsare sen- 
sitive to and alarmed by subtle environmental 
‘signals that precede extreme weather, fire, ava- 
lanche, and earthquakes. An example that 
deviates from the more-expected selection of 
birds, elephants, and cows was the red spiny 
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from creating ever new myths (e.g., the cur- 
rent Aryan one in India). Myth making and 
‘consumption seem to be permanent parts of 
the human search for origins, Arvidsson’s way 
out of this conundrum is contravened as the 
writing of history gets increasingly hijacked 
by ideological, religious, and local nationali 
‘tic movements, What then? 

Clearly, more serious historical and com- 
parative scholarship is required. We also need 
the engagement of scholars willing to take 
public stands—whether inthe battles over ere~ 
ationism or in the recent attempts by Hindu 
nationalistsand fundamentalists (in both India 
and California) to rewrite Indian history in a 
‘mythological fashion (4). Aryan fantasies 
have indicated the inherent dangers most 
clearly, and here lies one of the enduring mer= 
its of Arvidsson’s book: it indicates how we 
‘can actually learn from history. 
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‘Archetypal means of survival. A 
model of Noah's ark from Russia 


‘oyster, Spondylus princeps, This 
mollusc had originally been adopted 
asa votive object by pre-Columbian 
people: oyster shells washed up on the 
western shore of South America presage 
EI Nitto inundations, as this species tends to 
dic en masse ifthe seawater temperature rises. 
Despite the continuing importance of folk 
amulets, societies have increasingly favored 
a technical quest for an ideal security 
through recent developments in seismo- 
graphs, avalanche and tsunami detectors, 
meteorological forecasting, and so on. Not 
withstanding the impressive technology 
available, we sill have alangely illusory mas- 
tery over the natural world, 

One part of the exhibition considers com- 
memoration as a vital aspect of socictal 
repair. With specific commemorative objects 
and commemoration events, past disasters 
can be categorized and psychologically 
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contained while societies rebuild and attempt 
to retum to a sense of normality and security. 
Clocks make potent symbols of the delicate 
machinery of the human body, and the 
stopped clock has been adopted as a particu- 
larly haunting commemorative object. The 
interrupted hour has been frequently depicted 
in remnants of clocks suchas those surviving 
the San Francisco earthquake of 18 April 
1906 (05:14); the Hiroshima nuclear bomb 
blast of 6 August 1945 (08:15); and the pas- 
sige of Hurricane Katrina on 30 August 2005 
(02:02 to 14:30). 

The exhibition reminds us how important 
religion is as a survival aid and as a means of 
keeping societies intact and functioning in the 
common interest when assaulted by disaster. 
Religious objects serve as enduring tools for 
emotional survival and for warding off further 
danger; for some catastrophes (especially 
those caused by humans) such fetishes may 
Ultimately be more effective than a spade ora 
‘gas mask, Apart from pleading for interces- 
sion with the gods via guardian angels and 
portable oratories, acts of donation can be 
construed as offerings. Nevertheless, as 
the exhibition points out, the occasionally 
extreme levels of generosity raise disturbing 
issues themselves. How should the money be 
used in a considerate and effective way? How 
do we explain the global nature of the emo- 
tional response to some disasters, such as the 
Indonesian tsunami, and the relative silence 
surrounding others, such as the unfolding 
events in Darfur? We don’t find answers in 
this exhibition, but we are forced to question 
‘our responses to remote human disasters 

The exhibition considers many, often con- 
flicting, attributes of coping. Quite clearly, 
disaster is not a calamity for everyone. The 
specter of doom has always been exploited 


BROWSING 


politically as a means of gaining power and 
keeping control. The curators offer the US. 
Patriot Act of 26 October 2001 as an example 
of how a modern democracy can persuade 
people of the importance of abandoning some 
of their civil liberties. The neologism “liberti- 
cide” is a provoking exhibit in 
itself. Purportedly operating as 
vehicles for public informa- 
tion, the media are adept at 
amplifying arciety and manip- 
ulating the general public's 
perception of risk. Here, the 
exhibition invites us to con- 
sider society's response to sto- 
ries about avian influenza and 
the millennium bug. In 2005, 
the British government aimed 
to buy a stockpile of 14.6 
million courses of the antiviral 
drug Tamiflu, and over 600 
million U.S. dollars were spent 
between 1995 and 2000 in 
attempts to avert an anticipated 
computer systems meltdown 
asthe millennium arrived. This 
human tendency to imagine 
the worst also prompted Henri Dunant (the 
‘Swiss founder of the Red Cross movement), 
in his later years, to illustrate his vision of the 
end of the world in a complex painting dis- 
played at eye level in all its frightening detail 
Disaster can also be good for business 

In 1989, 300 people lived in the town of 
Lokichokio in Northen Kenya. War in South- 
em Sudan brought to the town 25,000 aid 
workers, who had needs of their own, The 
influx in tum spawned numerous small busi- 
nesses, few of which survived when the war 
moved away and the aid workers transferred 
their operating center. The disaster business 
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Scénario Catastrophe 


Christian Delécr 
Laurie Durussel, and 
Fondrini, curators 


Scénario Catastrophe 


Christian Deléc 
Laurie Durusse, Eds. 


The Telescope. Its History, Technology, and Future. Geoff Andersen. Princeton University Press, 
Princeton, N}, 2007. 256 pp. $29.95, £18.95. ISBN 9780691129792. 

‘As we approach the 400th anniversary of Hans Lippershay’s 1608 patent fora refractor telescope, 
Andersen offers an accessible, nontechnical account of instruments that show us distant objects. 
He begins with the naked-eye view of the universe and a rapid survey of new designs, theories of 
light, and astronomical findings from Galileo, Huygens, Newton, and others. But he soon aban- 
dons the chronological narrative to address various topics. A series of chapters covers the basics of 
telescope design, optics, instruments for analyzing light, and even considerations for building 
‘one’s own observatory. There are short but informative discussions of interferometry and advanced 
telescope techniques (segmented mirrors, the use of computers to counter the distortion of images 
by atmospheric turbulence, etc). The author's esearch experiences probably explain his decision 
to present applications of telescopes to remote sensing, laser communications, and surveillance. 
Given the flavor of the book, the shart and idiosyncratic lst of “Key discoveries” could have been 
sacrificed to provide expanded treatment of unconventional and future telescopes. 
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has now expanded into a huge global enter- 
prise trading in the tools of survival. The scale 
Of the business has led to dedicated trade 
shows, which feature specialized spades, bull- 
dozers, infrared detectors, earthquake moni- 
tors, and what have you. “Aid and Tra 
held annually in Geneva, capi- 
talizing on the city’s location 
asa hub for the international 
organizations that focus on dis- 
aster management, 

Ifcatastrophe makes people 
question the natural order, it 
can provide other opportuni- 
ties —opportunities to reform 
society, for instance. A notable 
cxampleis theso-called Lisbon 
earthquake of | November 1755, 
which in fact affected much of 
the Iberian Peninsula and 
the northern tip of Attica. The 
resulting destruction prompted 
the de facto head of the Portu- 
sguese government, the Marquis 
de Pombal, to conduct an er 
quiry to finda rational explai 
tion for the disaster that was 
free of Jesuit influence and divination, He 
thereby triggered a surge of geological investi- 
gations across Europe and allowed the 
fresh air of Enlightenment thinking into the 
Portuguese backwater, 

‘Superstition still prevails when it comes to 
prediction, warning, and prevention, Never 
theless, apocalyptic visions help us to prepare 
for future catastrophes. The final section of 
the exhibition is devoted to contemporary 
human views of disasters yetto come. End-of- 
time stories once told in the smoky firelight 
might have been replaced by bright electronic 
media, but the monsters, tsunamis, and 
‘earthquakes as well as the fear, damage, and 
ultimately death can still be found in contem- 
porary stories. 

Scénario Catastrophe is the best kind of 
museum exhibit—maybe no answers, and 
maybe some confusion, but in every way sur- 
prising and provocative. Although the presen- 
tation is intended to be objective and neutral, 
the impression we are left with is compassi 
ate and positive: a sense that humans will 
always work together to repair broken soci- 
ties. But we know this is not always the case. 
What happens when catastrophe leaves the 
surviving people so traumatized they are not 
able to rebuild a functioning society? Or what, 
about cases when the society that is rebuilt 
is dysfunctional, causing further harm and 
trauma to its members? 


Caroline Ash 
10.1126/scence 1147983 
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Pharmacology in the High-School 


Classroom 


Nicole C. Kwiek,'* Myra J. Halpin Jerom: 
Rochelle D. Schwartz-Bloom't 


‘any teachers say that their most dif= 
Mi task is geting students’ atten- 
tion, What does get students’ atten 
tion? Sex, drugs, and rock-n-roll, of course. 
USS. high-school students rank relatively 
low in science achievement compared with 
their international peers (/). Factors that may 
contribute to poor science achievement 
include (but are not limited to) inadequate 
teacher training, lack of inquiry-based teach- 
ing, insufficient hands-on student activities, 
and students” views of science as boring or 
too hard (2, 3). A positive relation exists 
between studentinterest and student learning: 
Topics and approaches that arouse student 
interest can help motivate students to learn 
and increase achievement (4). Theories of 
constructivism (that learners formulate new 
understandings by building on their own prior 
ideas) from cognitive psychology also indi- 
cate that learning improves when information 
is embedded within meaningful contexts (5). 
When high-school students are asked 
to indicate their interest in learning about 
various topics in their science classes, they 
choose topics such as disease (cancer and 
HIV/AIDS), drugs (therapeutic and recre- 
ational), biological and chemical weapons, 
the ozone layer, and greenhouse gases (6). 
‘Yet, the usual high-school science curriculum 
does not address these topics. 


Pharmacology Education Partnership 

Given the interest of students in drugs and 
their bodies, we hypothesized that science 
instruction in the context of drug-related top- 
ics (i.e., pharmacology) could improve stu- 
dent learning of standard high-school biology 
and chemistry concepts. To study this issue, 
‘we developed the Pharmacology Education 
Partnership (PEP), a partnership between 
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citer? Leanne A. Hoeffler 


Duke University faculty and high-school 
teachers across the United States. The PEP 
project comprised three major components: 
(i) development of pharmacology content 
modules, (ii) professional development for 
teachers of high-school biology and chem- 
istry, and (i) assessment of students” knowl- 
edge of basic biology and chemistry concepts. 

Each pharmacology module was designed 
in an inquiry-based format. Details of the 
contents of the module and the teachers’ 
guide are found in the supporting online 
material (SOM) and on the PEP Web site (7), 
The modules focused on a pharmacological 
topic that integrated basic science principles 
in biology and chemistry with issues from 
other relevant disciplines such as mathemat- 
ies, public policy, psychology, and social sci- 
ences. Topics (see figure, right) were chosen 
with an expectation that students would iden- 
tify with the subject matter on the basis of 
personal experience or interest generated 
from popular culture and the media. 

High-school biology and chemistry teach- 
ers were recruited nationally to take part 
in the PEP study (see demographics in 
SOM). The process began when 116 teachers 
attended day-long professional development 
workshops at one of three conferenc 
including the Conference on Science Edu- 
cation for the National Science Teachers 
Association (NSTA) and the North Carolina 
Science Teachers Association (NCSTA) in 
2003 (SOM). The workshops showed how 
biology and chemistry concepts support 
the pharmacology topics in the modules, 
Teachers discussed how to bring these topics 
into their already crowded curriculum. After 
the workshop. teachers collaborated to de- 
velop classroom and laboratory activities to 
support each module (activities are avail- 
able on the PEP Web site). Assessment of 
teacher knowledge one year after the work- 
shops indicated gains in knowledge of biol- 
ogy and chemistry (SOM). 

The following year after the workshops, 
95 of those teachers field-tested the program 
in their classes (21 teachers dropped out dur- 
ing the year for unknown reasons). Because 
teachers often modify use of instructional 
materials according to their own style (8), we 


‘Making learning relevant improves students’ 
knowledge of biology and chemistry. 


+ Acids, Bases and Cocaine Addicts 

+ Drug Testing: A Hai-Brained Idea 

+ How Drugs Kill Neurons: t's Radical 

+= Miltary Pharmacology: Takes Nerves 

+ Why Do Plants Make Drugs fr Humans? 

+ Steroids and Athletes: Genes Work Overtime 


invited that flexibility; we requested only that 
teachers use as many modules as possible and 
report what they did. Of the teachers who 
used modules in their classes, the most con 
monly reported method was to incorporate 
the content in their normal lesson plans, with- 
‘out “piling on additional material” 
The most commonly reported reason for not 
using the modules was lack of time (SOM), 
suggesting that priority was given to preexist- 
ing curricula. 


Student Assessment 
With input from an advisory group of five 
high-school teachers (independent of our 
testing group), we developed. testing instru- 
ment to determine students’ knowledge of 
standards-based biology and chemistry con- 
cepts. The test consisted of two parts (sce 
SOM for sample questions). The “basic 
knowledge” questions were similar to those 
found in standard high-schoo! biology and 
chemistry textbooks. The “advanced knowl- 
‘edge” questions tested specifically for know!- 
‘edge about drugs, assessing concepts not nor 
mally taught in the standard curriculum. To 
‘obtain control data, 65 of the 95 teachers had 
the workshop soon enough that they were able 
to administer the tests to a separate group of 
students in the year before they used (field- 
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tested) the modules as a teach- 
ing component. The other 30 
teachers joined the study later 
‘and thus did not generate con- 
trol data, 

During the field-testing year, 
47 of the 95 teachers used the 
modules in their classes. Then, 
all 95 teachers administered the 
same test (unannounced) to 
their students. Although the 
control data were derived from 
ferent students than those 
who used the modules, the 
demographic profiles were the 
same, A total of 7210 stu 
dents provided data for the 
study, Student achievement 
demonstrated a dose-response 
relation: As the number of 
‘modules experienced increased, 
the students’ performance in- 
creased (see figure, right). 

‘We used a logistic regression 
model to adjust for differences 10. 
in students’ demographic char- 
acteristics (gender, race/ethnic- 
ity, course type, and level) with 
the use of random effects to 
control for teacher effects (9, 
10) (SOM), For both basic and 
advanced knowledge questions, 
the logistic regression indicates 
that the probability of students 
answering any question correctly 
increases significantly as teachers use more 
modules (SOM). Students exposed to all six 
different modules are more likely than stu- 
dents with zero exposure to answer a basic 
knowledge question correctly. This corre- 
sponds to about a 16-percentage point 
increase (compared with zero modules) in the 
chance of a white female in Biology One (the 
baseline, SOM) answering correctly. When 
our analysis includes only the students from 
the 65 teachers who served as their own con- 
trols, the modules still have significant posi- 
tive effects, providing assurance that the mod- 
ule effects are not likely confounded by 
teacher and student effects (e.g. only the best 
teachers used the modules). 


50: 


(% correct scores) 


Knowledge of concepts 


Relevance, Repetition, Integration 
‘The PEP topics such as drugs of abuse and 
chemical warfare carry personal, societal, 
and global relevance, which may have sup- 
ported the successful outcome of this educa- 
tional intervention. Similar attention to the 
students’ interests may improve effective- 
ness of science education reform initiatives 
in other disciplines as well. Alternatively, 
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Student improvement with exposure to modules. Performance 
ofall students on questions of basic (red) and advanced (blue) 
‘knowledge depending on the number of PEP modules they experi- 
enced, Data are the mean SEM scores from students in both biol- 
‘ogy and chemistry courses (n = 7210). Binomial regression 
revealed that the use of at least one module was a significant pre 
dictor of higher student scores for both tests, 


consistent with educational research find- 
ings, the student-learning gains may have 
been strengthened by repetition of important 
principles among modules (//). Although 
‘we cannot state with certainty whether the 
use of socially relevant topics or repetition 
of scientific principles is responsible for the 
educational gains, at the very least the phar- 
macology topics can support repetition 
without boring students. 

The teacher-training workshops, crucial 
to this program, fulfilled several elements of 
the National Science Education Standards 
(12). In particular, the teachers learned new 
information (in this case, basic pharmacol- 
ogy principles) into which they could inte- 
rate biology and chemistry concepts. This 
sort of cross-connective experience is rare 
for secondary school teachers (/3). Although 
wwe did not test for the effect of integrating 
disciplines on student achicvement, the phar- 
macology topics supported improved student 
performance in both biology and chemistry. 
Such integration across science disciplines 
is a proposed goal of science education 
reform efforts (/4). 


Reproducibility 
Our results for both teacher and student 
content knowledge are similar to another 
study in which we provided the profes- 
sional development over 5 days at Duke 
University and used a wait-listed random- 
ized control design (/5). The 6-hour work- 
‘shop content was the same as that provided 
in the present study, although teachers had 
some “hands-on” time and interactions in 
small groups during the longer format. 
Regardless, both forms of professional 
development are associated with a signif 
icant increase in student achievement in 
biology and chemistry, From a practical 
standpoint, a full-day professional devel- 
‘opment experience is efficient and cost- 
friendly; its design allows more teachers to 
participate (compared with a residential 
S-day workshop), eventually affecting a 
‘much larger student population. 

‘A prevailing goal of science education 
is to encourage students to use science to 
think critically when making decisions 
about their daily lives (2). Although pre 
venting drug abuse was not a goal of 
the present study, more knowledge about, 
street drug pharmacology may help stu- 
dents make better decisions concerning 
illicit drugs. 
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ANTHROPOLOGY 


Tracking Polynesian Seafarers 


Ben Finney 


bout 4000 years ago, Stone Age 
Az from Island Southeast Asia 
began to sail east into the Pacific, 
‘where they settled the previously uninhabited 
islands of Remote Oceania (Eastem Melanesia, 
Micronesia, and Polynesia). As Europeans 
began exploring the Pacific, they were sur- 
prised to find that mid-ocean islands were 
‘occupied by seemingly primitive seafarers, 
‘who had only slim canoes carved with stone 
adzes, powered by mat sails, and navigated 
‘without instruments. Some Europeans could 
not accept that such seemingly ill-equipped 
people had settled the islands on their own, 
They instead imagined such scenarios as 
storms or currents pushing coastal people far 
‘out to sea, the sinking of a great conti- 
nent leaving only high peaks and 
surviving inhabitants above water, 
and the special creation of humans 
on the islands 
A few prehistorians still begrudge 
the Remote Oceanians only minimal 
seafaring skills, but more than two 
centuries of research have led to 
widespread appreciation of theirnau- 


tical capabilities. On page 1907 of 
this issue, Collerson and Weisler (/) 


confirm the wide extent of Polynesian 
voyaging by chemically tracing basalt 
aadzes found on coral atolls to specific 
voleanie soure 

Not until the late 1700s did foreign explorers 
consider seriously how canoe people could have 
actively settled the Pacific. Captain Cook and 
Joseph Banks judged Tahitian sailing canoes 
‘and navigation methods fit for long voyages. By 
comparing Tahitian words with those gathered 
from islands far to the west, they realized that 
Tahitian was related to languages of the “East 
Indias" Upon hearing from the Tahitian savant 
Tupaia how navigators waited for seasonal 
spells of westerly winds to sail east against the 
trade wind direction, Cook presciently sug- 
gested that their ancestors had used these west- 
etlies to sail east into the ocean (2). 

During the 1800s, amateur scholars col 
lected oral Polynesian migration traditions. The 
histories they produced were highly suspect, 
because they cut and pasted together passages 
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from various narratives and committed other 
scholarly sins, Nonetheless, the unedited tradi- 
tions, and increasingly sophisticated linguistic 
comparisons, suggested migration paths. 

During the past century, ethnologists and 
archaeologists sought to trace these paths by 
comparing artifacts from various islands, 
but with mixed results. Canoe comparisons 
became mired in turgid debates over canoe 
typology, outrigger attachments, and migra- 
tion waves. Stylistic comparisons of temples, 
adzes, and fishhooks fared better, but often 
foundered over whether feanures from differ- 
ent islands were similar because of a common 
origin or convergent adaptation. 

The breakthrough came in the 1960s and 


Sailing Houle’ frome Hawai 


1970s, when the discovery of distinctively 
decorated Lapita pottery enabled archaeolo- 
ists to track the rapid entry of the Poly- 
nesians” ancestors into Remote Oceania. The 
‘many potsherds proved ideal forstylistic com- 
parisons, and in some cases, geologists were 
able to source constituent temper sands to 
islands near and far. The wide range of Lapita 
voyaging was demonstrated even more dra- 
matically by chemically tracing obsidian tools 
to volcanic sources scattered over hundreds 
and in some cases thousands of kilometers of 
the Wester Pacific (3). 

At about the same time, other researchers, 
‘were reconstructing extinct Polynesian voyag- 
ing canoes and testing them over legendary 
long-distance sailing routes (see the figure) 
(4), studying traditional navigation on remote 
Micronesian and Melanesian islands where 
voyaging had not died out (5),and using com- 
puter simulations to elucidate strategies of 
ocean exploration and island colonization (6). 


‘race element and isotope analysis of basalt 
adzes demonstrates long-distance voyaging 
paths used in East Polynesia long before 
European arrival. 


These efforts supported the hypothesis that 
Remote Oceanians were capable of purpose- 
fully making long navigated voyages and set- 
thing distant istands, 

Unfortunately, pottery making declined 
after Lapita voyagersreached the mid-Pacific, 
and was not spread farther east by their Poly- 
nesian descendants. Moreever, although obsid- 
ian occurs in New Zealand and Easter Island, 
tools made from this type of volcanic glass 
\were apparently not widely spread from these 
peripheral islands. 

In the 1980s and 1990s, archaeologists 
therefore turned again to stone adzes, particu 
larly those made from fine-grained oceanic 


basalts of the “hot-spot archipelagos” of East 


to Tahiti via the Tuamotus in 1976. 


Polynesia. This time they used majorelement 
composition to trace each piece of basalt 
back to its geological source. This approach 
allowed intra- and interarchipelago connec- 
tions to be traced over much of Polynesia, but 
did not always allow the precise sources of the 
basalts to be identified (7). 

To more precisely source basalt adzes col- 
lected over 70 years ago among East Poly- 
nesia's Tuamotu atolls, Colterson and Weisler 
tured to more discriminating analyses possi- 
ble with trace elements and isotopes. The 
results indicate that the adzes came from 
five volcanic archipelagoes surrounding the 
Tuamotus, and to particular islands within 
these, such as Hawai’i’s Kaho’olawe (some 
4000 km to the north-northwest). The authors 
do not hesitate to relate this connection to leg- 
ends of canoe voyaging between Hawai'i and 
Tahiti via the Tuamotus, as well as the 1976 
voyage over this route of the modern double 
canoe Hokule a (see the figure) (8). 
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Consilience (9) between disparate research 
approaches works well in Polynesia (/0). 
Further integration of chemical sourcing with 
other approaches, especially DNA investiga- 
tions of Pacific islanders and their plants and 
‘animals, looks promising. For example, a bone 
of a Polynesian chicken excavated in Chile has 
recently provided archaeological support for 
Polynesians having reached South America 
in pre-Columbian times (17). Now we 


need to look for Polynesian basalt adzes there. 
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PHYSICS 


Quantum Weirdness in the Lab 


Robert W. Boyd, Kam Wai Clifford Chan, Malcolm N. O'Sullivan 


4 commutative law. That is, for any two 

‘numbers and m, the product nm is always, 
equal to mn, In classical physics, measure- 
‘ments of physical properties also obey a com- 
‘mutative law. For example, if one first meas- 
ures the position of a particle and then its 
‘momentum, one obtains the same result by 
first measuring the particle's momentum and 
then its position, However, quantum mechani- 
cal quantities do not in general obey this com- 
mutation relation (/), In fact, the breakdown 
of the commutative law lies at the heart of 
‘many fundamental quantum properties, such 
as the Heisenberg uncertainty principle. In the 
‘example of position and momentum, the lack 
of commutativity is conventionally stated 
by means of the relation sp ~ pi = i’2n, 
where ¥ and Pare the quantum mechanical 
‘operators (2) associated with position and 
momentum, respectively, and where / is 
Planck's constant. 

{In an intriguing and illustrative report on 
ppage 1890 of this issue, Parigi eral. (3) present 
the results of a laboratory demonstration of 
‘what happens in the quantum mechanical 
operations of photon creation and annihi- 
lation, which lacks commutativity. These 
authors add a single photon to light beam, 
‘which corresponds to the action of the stan- 
dard quantum mechanical creation operator a’. 
They can also subtract a single photon from 
the light beam, which corresponds to theanni- 
hilation operator d. 

Parigi etal. measure the quantum mechan- 
ical state of a thermal light field after perform- 
ing these two operations on it, and they show 
that the final state depends on the order in 


I ordinary arithmetic, multiplication obeys 
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which the operations are performed. This 
result is a striking confirmation of the lack 
of commutativity of quantum mechanical 
‘operators. Moreover, the authors present the 
strongly counterintuitive result that, under 
certain conditions, the removal of a photon 
froma light field can lead to an increase in the 
mean number of photons in that light field, as 
predicted carlier (4) 
The basic idea of the 

experiment of Parigi et al. 

and some of their results are 
shown in the figure. In the 
top row, a laser beam passes 
through a rotating ground 
glass plate (th) to mimic the 
random fluctuations of a ther- 
mal source and is detected 
by a quantum state analyzer 
(QSA).The results ofthe mea- 
surement are shown on the 
right. Here, p() gives the pro- 
bubility distribution of the 
electric field amplitude £, 
Rows B through E illustrate 
the consequences of acting 
‘on the input state by various 
quantum mechanical opera- 
tions. Row B shows the result 
‘of removing a single photon 
from the field with a beam 
splitter. Counterinttively the 
mean number of photons M1 in 
the output field is increased g 
by this operation. Row C 


The surprising effects of adding or subtracting 
photons from a light beam may yield tools for 
information processing. 


photon). Row D illustrates the consequence of 
first adding a photon to the field and then sub- 
‘acting a photon, whereas row E illustrates the 
situation in which a photon is first subtracted 
and then a photon is added. One sees that the 
fields created in these two situations are 
‘markedly different, 

Beyond the conceptual interest in the 
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illustrates the consequence of Sau ylllie| 22) 
adding a single photon to the a f \ 
input state with an optical “et 
parametric amplifier (a device E 

that splits one photon intotwo, Quantum arithmetic. Schematic experimental procedure of Parigi et al. 


each with approximately half and some of their laboratory results. The order in which photons areadded 


the energy of the original 


and subtracted from alight field strongly influences the fields properties. 


wwew.sciencemag.org 


‘cREom ABATED BYR WEVICINCE 


results of Parigi et al, the laboratory tech- 
niques they describe could pave the way 
toward new possibilities in the fields of quan- 
‘tum information science and quantum optics 
(5-8), These results show how one can con- 
vert a purely thermal light field, which pos- 
ssesses no nonclassical properties, into a light 
field with strongly nonclassical features. This 
‘work thus constitutes a step toward the devel- 
‘opment of techniques for “quantum state 


engineering.” that is, the creation of states 
with specified quantum properties. States of 
this sort are expected to play a key role in 
quantum computing, quantum cryptography, 
and control of quantum systems. 
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GENOMICS 


Deep Questions in the Tree of Life 


Patrick J. Keeling 


genome sequence might provide 
A= to major questions about the 
Joiotogy and evolutionary history of an 
organism. Alternatively, it might reveal more 
problems than solutions, and its true value then 
lies in identifying what questions to ask. 
Perhaps the most interesting genomes do both: 
They are a panacea and a Pandora's box. On 
page 1921 in this issue, Morrison ef al. (1) 
describe sich a genome from the diplomonad 
protist Giardia lamblia, a human intestinal 
parasite. The compact Giardia genome is 
replete with information ranging from the sim- 
plicity of its molecular systems to how the par- 
asite interacts with its environment. However, 
the evolutionary history of Giardia is not so 
clearly written in the genome, reigniting a 
smoldering debate about the origin of Giardia 
nd its relationship to other eukaryotes. 
The evolution of Giardia has commanded 
a level of attention matched by few other 
organisms because it differs from the “text- 
book" eukaryote in many ways. Most notably, 
there areno mitochondriain Giardia oritsrel- 
keeping with its tolerance for low 
levels of oxygen (2). The absence of this 
‘organelle took on new significance with the 
Archezoa hypothesis, which proposed that 
Giardia (and certain other protists) diverged 
fom other eukaryotes before the endosymbi- 
tic origin of mitochondria, and was therefore 
ancient and primitively amitochondriate (3). 
Early molecular phylogenies supported this 
view, placing Giardia and other Archezoa at 
the base of eukaryotic evolution (4, 5). The 
case seemed closed: Giandia arose from 
the prokaryote-eukaryote transition, one 
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Now that the genome of a unicellular parasite 
hhas been deduced, can it resolve the debate on 
the origin of eukaryotes? 


Parabasalia(richomonas) 
Retortamonads @ 
Diplomonads (Giardia) J) 


Eukaryotic evolution. The hypothetical evoultionary tree consists of five “supergroups” based on several 
kinds of evidence (15). The branching order of supergroups is unresolved, implying thatthe relationships are 
unknown rather than a simultaneous radiation. CM indicates the presence of cryptic mitochondria 
(hydrogenosomes or mitosomes). A question mark indicates that no organelle has yet been found. 


of the greatest transformations in evolution. 

‘The Archezoa hypothesis proved too good to 
be true. Nuclear genes phylogencticaly related 
to mitochondrial homologs were discovered in 
Archezoa, including Giardia (4,5). The protein 
products of such genes have been localized 
to double membranc-bounded organelles 
(hydrogenosomes or mitosomes) in all major 
Archezoan groups, and similar structures were 
found in distantly related cukaryotes (see the 
figure). Some of these organelles and their 
metabolic activities are well characterized (e.g, 
Trichomonas hydrogenosomes), but the func- 
tions of other cryptic organelles remain elusive 


(eg, Entamoeba mitosomes). In Gianlia, pro- 
teins involved in iron-sulfur cluster assembly 
and protein folding appear closely related 
to mitochondrial homologs and localize to a 
relictmitasome (6, 7). Interestingly. the Giardia 
‘genome contains little else of identifiable mito- 
‘chondrial ancestry: No other functions can be 
predicted and protein-import complexes are 
reduced or highly divergent (1,8). 

The other implication of the Archezoa 
hypothesis—that Giardia is an early branch- 
ing eukaryote—has attracted even more 
controversy. The “deep” position of some 
Archezoa has been convincingly undermined 
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by showing that they belong elsewhere in the 
phylogenetic tree, the clearest case being the 
relationship between microsporidia and fungi 
(5). For Giardia, such a specific alternative is 
not so clear-cut, but the genome may provide 
clues. Diplomonads may belong to a group of 
protists known as excavates, specifically 
related to Parabasalia such as Trichomonas (9, 
10). Like Trichomonas, the Giardia genome 
does not encode myosin (which is rarely 
absent from eukaryotic genomes) and en- 
codes a bacterial arginine metabolism path- 
\way, supportinga close relationship. This does 
not preclude an carly divergence for both 
Giardia and parabasalids, for this depends on 
where the root of the cukaryotic tree lies, 
‘which is difficult to resolve. Indeed, there are 
doubts about how phylogenetic reconstruc~ 
tion methods can determine this root, given 
the unequal rates of sequence evolution and 
great genetic distance between eukaryotes and 
prokaryotes (/1). There are also difficulties 
inherent in reconstructing the history of diver- 


PHYSICS 


gent genes with current phylogenetic meth- 
ods, and large amounts of data that violate 
evolutionary models can generate well-sup- 
ported errors (12). Morrison ef al. show high 
levels of divergence in much of the Giandia 
genome, so although the genome may contain 
data to reconstruct Giardia’s history, it will be 
achallenge to use it. 

‘The outcome of this debate affects not only 
our understanding of early eukaryotic evolution, 
but also our view of Giandia biology. Simple 
characteristics could be primitive or derived via 
reduction, alternatives with very different 
meanings. The simplicity of Giardias motecu- 
lar systems differs from that of known derived 
parasites (/, 13). However, different lineages 
can follow different reductive paths (14), so 
determining Giardia’s origins independently of 
its simplicity is essential. Given the depth of 
these questions, the new lif that Morrison etal. 
have breathed into the debates is welcome, and 
will ensure continued attention on both a fasci- 
nating cell and the origin of eukaryotes 


Does Our Universe Allow for 
Robust Quantum Computation? 


‘omputers operating purely according 
( to the laws of quantum theory might 

break modem cryptographic codes 
(J), revolutionize quantum chemical caleula- 
tions (2), and overturn the most basic limits to 
computing (3). Standing inthe way of creating 
these dream machines is the fact that quantum, 
computers do not like to maintain their quan- 
tum nature, but instead have a propensity to 
decay into mae! ‘obeying the classical 
laws of physics. This obstacle is known as 
quantum decoherence, and on page 1893 of 
this issue, Emerson et al. (4) report a way to 
‘analyze various quantum processes to find the 
‘ones that can stand up to this decay. 

The solution to the problem of quantum 
decoherence, at least in theory, has been 
‘known for more than a decade and is encoded 
in a famous theorem for fault-tolerant quan- 
tum computation (5-8). This “threshold” the- 
‘orem says that multiple quantum systems can 
be used to simulate a single error-free quan- 
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tum system, Left out, however, is the question 
of whether the theorem actually holds in an 
experimental setting: Does our universe allow 
for robust quantum computation? 

This is a hard question because the cost 
(the number of experiments needed) of char- 
acterizing the properties of quantum systems 
useful for fault-tolerant computation rises 
exponentially with the number of quantum 
systems (9, 10). Emerson et al, have found a 


Quantum casino. Emerson et 
‘al. propose a new scheme in 
which the evolution of a quan 
tum system is symmetrized to 
eliminate unwanted informa- 
tion. The operations fora single 
Qubit are shown as transforms 
cof a gambling die. All 192 such 
operations on a die are dis- 
played, 24 rotations and eight 
reflections of a die through a 
plane (which are impossible in 
‘our world and why you won't 
find those dice on a casino 
table). The procedure of Emer- 
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‘An approach for analyzing quantum 
decoherence may help push the 
boundaries of quantum computing. 


way to probe quantum processes that has a 
‘cost that, contrariwise, sales polynomially in 
the number of quantum systems (that is, 
a much lower cost per quantum system). 
Although this method throws away a certain 
amount of information, it also retains much of 
the relevant information, Thus, the authors 
have opened the door on a new era where 
‘quantum devices can be rapidly characterized 
as usefil or not useful forthe task of building 


son et al. can be thought of as randomly selecting one die foreach quantum bitin the system from the 192 
choices and then applying the transform comesponding to that die oa corresponding quantum bit. 
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‘a large-scale quantum computer. 
To understand the problem addressed by 
Emerson et al., it is convenient to consider a 
classical analogy. Suppose that you are the 
‘operator ofa casino that runs a game using 
six-sided dice. Vital to your gambling busi- 
ness is verifying thatthe dice are balanced. By 
throwing a die multiple times, you can esti- 
‘mate the probabilities of each of the six differ= 
ent outcomes. For well-balanced dice, these 
probabilities will all be around 1/6, but for 
loaded dice, these probabilities may be drasti- 
cally skewed away from 1/6, By measuring 
these six probabilities, you have in essence 
characterized the process of rolling a dic. 

You're a casino operator, however, and so 
you are extremely paranoid that your game of 
‘chance can be beaten. In particular, consider a 
‘game like eraps where you roll two dice. What 
assurance do you have that these dice actually 
‘behave independently and thus have probabil- 
ities for outcomes A and B that are a product 
of the probability of outcome A times the 
probability of outcome B? You might tell your 
testers to run experiments where two dice are 
rolled together, Each dic has six different out- 
comes, $0 there are a total of 36 different out- 
comes for a roll of these two dice, Thus, your 
testers will now need to run experiments to 
characterize 36 different probabilities. And 
here is the crux of the problem for characteriz- 
ing the process of rolling dice. If you want to 
assure yourself that there are no correlations, 
among n total dice, you will need to character 
ize 6" different probabilities. Thus, the cost of 
‘your paranoia is an exponentially increasing 
‘expense you must pay your testers to measure 
cach of the 6" probabilities. 

In many games, however, there is an 
assumption that greatly reduces the costs of 
testing multiple dice, Suppose that for your 
purposes, only the total sum of dots on n dice 
‘matters, For dice, the total of the dice is a 
‘numberbetween and 6n. Thus, if your testers 
record the probability ofa given total of the 
dice, only Sn + 1 probabilities need to be 
recorded, Instead of requiring a number of 
probabilities that scales exponentially in n, 
you only require a number of probabilities that 
‘scales polynomially (linearly in this ease) with 
1 If, after you rolled your dice, you had ran- 
domly changed your dice such that the total 
stayed the same, this would not affect your 
measured probabilities. At the same time, 
information tied to properties besides the total 
is averaged away. With this process of “sym- 
metrizing,” you cancliminate unwanted infor- 
‘mation and only lookat the much smaller sub- 
set of more relevant information. 

‘What Emerson et al have achieved is simi- 
lar but for quantum systems. The laboratory 
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technique of characterizing the time evolution 
of a quantum system is known as quantum 
process tomography (9, 10). For n two-level 
quantum systems, this method requires approx- 
imately 2* experiments to characterize a quan- 
tum process. Emerson et al. have proposed a 
new technique that, by symmetrizing the quan- 
tum process, reduces this to a polynomial in 
(see the figure). As in the dice example, this 
process discards information about the process 
being studied, but Emerson eral. point out that 
their technique can be used to test some of the 
‘main assumptions (such as whether the errors 
are independent) of the threshold theorem for 
fault-tolerant quantum computation. 

‘As more devices are fabricated in which 
quantum theory dominates, accurate under- 
standing of quantum processes becomes vital. 
The quantum process tomography techniques 
described here represent a first step toward 
accurately assessing the powers and limits of 
these new quantum machines. Indeed, thanks 
tothetechniques developed by Emerson eral., 


PERSPECTIVES [ 


we may soon know whether our universe is 
generous enough to allow for large-scale 
robust quantum computation, 
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ECOLOGY 


Antarctic Biodiversity 


Peter Convey and Mark |. Stevens 


Forms of plant and animal life can be found across Antarctica that have survived glacial cycles 


‘over millions of years. 


nly about 0.3% of Antarctica is free 
OO: ice. The terrestrial and freshwater 

‘ecosystems in this tiny fraction are 
generally small and isolated, and are popu- 
lated by small invertebrates, lower plants, and 
microbes (see the figure), Recent studies have 
shown that these biota are of ancient origin 
and have persisted in isolation for tens of mil- 
lions of years. However, ice sheet modeling of 
the Last Glacial Maximum (~20,000 years 
ago) and previous ice maxima in the Miocene 
(23 to 5 million years ago), along with recon- 
structions of previous glacial extent, suggest 
that most or all currently ice-free low-altitude 
surfaces would have been covered with ice 
during previous glacial maxima (1, 2), These 
‘models leave no ice-free refuges for most ter- 
restrial biota, and they require recolonization 
after each glacial maximum, 


Convey i with the British Antarctic Survey, Natural 
Environment Research Counc, High Crs, Madingley Road, 
(Cambridge CB3OET, UK. MI, Stevens isin the Allan Wilson 
Centre for Molecular Ecology and Evolution, Insitute of 
Molecular BioSciences, Massey University, Private Bag 
11-222, Palmerston Noth, New Zealand. Email: 

tas. acule (PC) m i steene@amasseyac re MS) 


The latter view has been reinforced by 
the discovery of fossils that were referred to 
as the last surviving relicts from preglacial 
Antarctica (3, 4). The fossils describe a com- 
munity assemblage, including tundra vege- 
tation and terrestrial and freshwater faunas, 
that survived the formation of the ice sheets 
initiated more than 30 million years ago but 
became extinct between 12 and 1.8 million 
years ago. The implication is that the terres- 
irial biota we see today consist of species 
that have become established since the Last 
Glacial Maximum. 

A different picture emerges from early bio- 
logical studies and some recent geological 
‘work. Baseline entomological research car- 
ried out in Antarctica as early as the 1960s 
(5-7) documented much of the arthropod bio- 
diversity, particularly from the Transantarctic 
‘Mountains and the Antarctic Peninsula (see 
the figure). These authors recognized that at 
least a proportion of these biota could not 
easily be explained as recent colonist 
Furthermore, in some isolated parts of cor 
nental Antarctica, reconstructions of previous 
glacial extent (2) do support the existence of 
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Wingless chironomids have 
been present in South Georgia, 
South Shetland Islands, and the 
Antarctic Peninsula since 49 to 


£68 milion years ago (13). a =A 
ie diatoms have been present 
Continental she = Endemic mites and springlais have, Whes since a least 
| ; been present on intand nunataks since 130.000 years ago 12). 
om before the breakup of Gondwana (9). 


Nematode fauna and soil 
microbial diversity hot spots 


suggest glacial refuges § 
$24 a) *y 


i 


| Ancient biogeographical 
‘separation between the a 
‘Antarctic Peninsula and 
East Antarctica (18), 

* 


Springtals, mites, nematodes, and 


‘Copepods have 
p._ been present in 
‘Antarctica since 
the separation of, 
Antarctica from 
‘Australia (10). 


Lower plants such as lichens are an 


SS tardigrades have been present in the essential prt of ile across Antarctica (5). 
5 Tansantartic Mountains since before They have probably been present there 
the breakup of Gondwana (9,15). __ since before the breakup of Gondwana, 
. a Se Ap 
<4 N 
= we [She sre 


“Ancient origins. Many organisms have persisted in Antarctica since well before the Last Glacial Maximum. 


ice-free biological refuges at least from 1.8 
million to 10,000 years ago. Evidence pre- 
served from voleanie eruptions below the ice 
now also allows for the possibility of low-alti- 
tude ice-free land at glacial maxima (/, 8). 
More recent biological studies also point to 
much of the terrestrial biota having a long, 
continuous but isolated, history on the conti- 
nent. Biogeographical analyses of freshwater 
copepods and nunatak-inhabiting mites (9, 
10) have identified distribution patterns con- 


Mountains in the Antarctic Peninsula. T 
cycles in parts of the Peninsula 


28 SEPTEMBER 2007 VOL317 SCIENCE 


sistent with evolutionary persistence in 
Antarctica over time scales between the Last 
Glacial Maximum and the final stages of 
Gondwana breakup (~40 to 60 million years 
ago), when Antarctica became isolated from 
South America and Australia, Other studies 
describe communities as having developed 
over the past L.8 million years (5, 7,11, 12). 
Recent molecular studies provide evidence 
for the persistence of several species on 
multimillion-year time scales (even back to 


pre-Gondwana breakup). For example, 
closely related chironomid midges endemicto 
tectonically distinct parts of the Antarctic 
Peninsula and Scotia Arc persisted for about 
50 million years (/3), revealing a biological 
signal of the separation of Antarctica and 
‘South America (/4). Likewise, ancient diver- 
_gences between endemic springtails from East 
Antarctica suggest radiation from a fauna dat- 
ing from at least 21 to 11 million years ago 
(U5). Even nematodes, which are capable of 
long-distance dispersal and gene flow (16), 
are endemic species isolated within the 
confines of continental Antarctica (17). 
Collectively, these studies provide evidence 
that terrestrial biota persisted in both the 
Antarctic Peninsula and East Antarctica, 
suggesting separate and ancient origins for 
these biota (/8). 

Thus, reexamination of the existing litera- 
ture provides robust support forancient origins 
‘of Antarctic terrestrial biota across most parts, 
of the continent and involving most extant 
higher taxa (see the figure). Understanding the 
evolution and biogeographical history of 
the Antarctic terrestrial biota —especially in 
coastal areas—requires a more detailed multi- 
disciplinary study of the persistence of terres- 
trial habitats than the current generation of ice 
sheet models permits. Terrestrial biological 
evidence could help researchers to improve 
glaciological reconstruction modeling and to 
gain further understanding of the evolution of | 
the Antarctic continent. 
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AAAS NEWS & NOTES EDITED BY EDWARD W. LEMPINEN \ 


EDUCATION 


AAAS Calls for National Standards As 
No Child Left Behind Testing Starts 


‘American public school students will add one 
‘more important exam (o their academic calen- 
dars this year: the first science assessments 
required by the national No Child Left Behind 
(NCLB) law. Under the 2001 statute, school 
districts must test students in 

science at least once in each 

of three grade spans: 3 t0 5, 

6 (09, and 10 to 12, But in 

the absence of national stan- 

dards for these tests, the 

exams vary from state to 

state, and AAAS experts say 

some of the tests may not 

make the grade, 

Ina 15 August op-ed in 
the Washingion Times, ANAS 
CEO Alan I, Leshner urged 
USS. lawmakers to “scrap the 
razy-<uilt pattern of wildly 
differing tests and proficiency thresholds that 
currently vary from state to state” and adopt vol 
‘untary national standards in science and math 
education as NCLB testing approaches. 

Earlier this year, AAAS thanked Represen- 
{ative Vernon Ehlers (R-MI) and Senator Chris 
Dodd (D-CN) for their sponsorship of the 
SPEAK Act, which favored voluntary national 
standards. Variations in state leaming standards 
‘andl tests "make it difficult for parents and teach- 
ers to meaningfully gauygehow well their children 
are leaming mathematics and seience in compar 
ison to their peers internationally or here at 
home," the SPEAK authors concluded. 

National standards for science education 
‘would not be hard to come by, Leshner noted in 
the op-ed, as AAAS and other organi 
such as the National Res 
‘National Council of Teachers of Mathematics, 
‘and the National Assessment of Educational 
Progress have worked on these guidelines for 
several decades, 

“There are two challenges that states must 
meet.” explained George DeBoer, deputy direc 
tor of Project 2061, AAAS's science literacy 
initiative. “The first is to develop high-quality 
standards. The second is to develop assess- 
ments that are 
Project 2061's surveys show that questions on 
‘many state assessment tests are unrelated to the 
key science concepts and skills outlined in 
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AAAS's Benchmarks for Science Literacy and 
the National Research Council's National 
Science Education Standards. 

‘Supported by a S-year U:S. National Science 
Foundation grant, Project 2061 and its collabo- 

‘ators are building a data- 
base of appropriate multi 
ple-choice items and 
‘open-ended questions for 
middle school and early 
high school students that 
states could use asa guide 
in developing their NCLB 
tests, The group has used 
science curricula and edu- 
cation experts, interviews, 
and pilot testing of hun- 
dreds of students to 
develop questions that tar- 
get specific, standards- 
‘based concepts without confusing students with 
‘unclear language of too much jargon. 

“When we talk about the work we're doing, 
people get excited about the high quality of the 
test questions and the precision of the al 
‘ment of those questions to content standards,” 
DeBoer said 

The start of NCLB science testing high- 
lights the need for higher-quality state tests, 
Project 2061 Director Jo Ellen Roseman wrote 
in a recent newsletter on the project, since the 
assessments “will only provide meaningful 
information if they are truly aligned to impor- 
tant science ideas, such as those in n 
benchmarks and standards” 

While experts worry over readying the 
‘exams, the new testing requirements may not be 
priority yet for schoo! boards. Connie Bertka, 

tor of AAAS’s Dialogue on 
Science, Ethics and Religion, oversees a 3-year 
project by AAAS and the National Schoo! 
Boards Association working with local schoo! 
‘boards to make science education a community 
priority. She offered this anecdote: Ata June 
meeting with local school board members in 
Kansas City, she “did not hear a lot of questions, 
about how to get kids ready for NCLB testing.” 

Instead the members that Bertka met were 
focused on ways to attract more resources to 
their district, particularly more high-quality 
science teachers. “I think it's still too far away 


for them—the tests have to be taken, the results 
hhave to be in,” she said, “They have so many 
‘other things on their plate that they can't afford 
to get worried about this yet” 

“The NCLB law requires annual state testing 
in reading and mathematics for grades 3 
through 8 in federally funded schools. Schools 
that do not score up to statewide standards in 
these subjects can face a range of corrective 
actions, from curricula changes to school clo- 
sure. The first science tests must be completed 
by the end of the 2007-2008 school year, 

‘Congress is keeping national science stan- 
dards and the new tests in mind as it considers 
reauthorization of the NCLB law this fall, One 
‘version of the reauthorization bill, sponsored by 
‘Senators Joe Lieberman (I-CN), Mary Landrieu 
(D-LA), and Norm Coleman (R-MN), calls, 
for voluntary science and mathematics 
standards based on recommendations by the 
US. Department of Education's National 
Assessment of Educational Progress. A pro- 
posed amendment sponsored by Ehlers and 
Representative Rush Holt (D-NJ) would add 
science exam scores to the reading and mathe= 
‘matics scores used to calculate a school's over 
all yearly progress report, 

Becky Ham 


AAAS 


New Mission Statement 
Focuses on Global 
Service, Leadership 


‘The AAAS Board of Directors has revised the 
Association's mission statement emphasizing, 
leadership on national and international scien 
tific issues, the important role of engineers in its 
membership, and its commitment to science 
serving society. 

‘The amended statement, adopted 20 August, 
reflects a 5-year expansion in AAAS's strategic 
role that includes broadening its international 
leadership activities andits role as scientific advi- 
sor in a variety of societal issues, from education 
to national security to health care, The revised 
statement also addresses changes in the scientific 
‘workforce, the proliferation of technology, and 
challenges tothe integrity of science. 

AAAS‘ mission statement has evolved sub- 
stantially since its first constitution in 1856, in 
keeping with the growth of the US. scientific 
‘community and the rise of science and technol- 
‘ogy in public life. Some of the original “rules and 
objects” of the Association, such as fostering 
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communication between researchers and sup- 
portingthe scientific enterprise, remaina priority. 


The new statement 


Mission: To advance science, engineering, and 
innovation throughout the world for the benefit 
ofall people, 


Goals: 

+ Enhance communication among scientists, 
engineers, and the public; 

+ Promote and defend the integrity of science 
and its use: 

+ Strengthen support forthe seience and tech- 
nology enterprise: 

+ Providea voice forscience on societal issues; 

+ Promote the responsible use of science in 
public policy; 

+ Strengthen and diversify the science and 
technology workforce: 

+ Foster education in science and technology 
for everyor 

+ Increase public engagement with science and 
technology: and 

+ Advance international cooperation in science. 

—Becky Hom 


SCIENCE POLICY 


S&T Fellows Push for 
Impact on Sustainability 


(On the first morning of orientation for the new 
class of ANAS Science & Technology (S&T) Pol- 
icy Fellows earlier this month, climate and energy 
scientist Holmes Hummel invited all Fetlows 
interested in climate 
change, energy, and 
environmental issues 
toa lunchtime get- 
acquainted meeting. 

Of 116 new Fel- 
lows, 35 showed 
up—a clear signal 
that sustainability 
issues are a galva- 
nizing concern for many of the scientists and 
engineers who will serve in 1-year positions in 
Congress and a broad array of federal agencies. 

“What | witnessed was a type of resolve,” said 
‘Hummel, a Congressional Fellow. “For the last 
10 years we've heard from every comer of social 
leadership that climate change and national secu- 
rity issues, related will be major problems for our 
generation, Now we're seeing more early-stage 
career scientists answering the call” 

For 34 years, the AAAS S&T Policy Fellow- 
ships have matched scientists and engineers in a 
range of fields—from agriculture and atomic 
phiysics to science education and defense tech- 
nology—with executive branch agencies and 
congressional offices in Washington, D.C., that 
are seeking scientific expertise. Hundreds of 
Fellows have continued on to build high-impact 
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Holmes Hummel, Leketia “Kiki Jenkins, Joshuah Stolarott 


careersin government, while others have moved 
into leadership positions in academia, nonprofit, 
‘organizations, and the private sector. 

In all, there are 162 Fellows this year, 
including 46 who are remaining with the Fel- 
lowship fora second year. Their interest in 
mate and sustainability issues continue: 
trend: 2 years ago, a group of Fellows met 
monthly to address sustainability and water 
issues; last year, a group met regularly o share 
resources and collaborate on sustainability 
problems, including climate change. 

“Although the Fellows represent diverse 
‘entific and engincering disciplines, they typi- 
cally come to Washington to apply their expert- 
ise wo the societal challenges of the times,” said 
‘Cynthia Robinson, director of the Fellow ships. 
“We're pleased to see this trend continue as cli- 
‘mate change and related sustainability and secu- 
rity issues gain more recognition nationally and 
internationally.” 

In interviews, several 2007-08 Fellows said 
they wanted to explore multidisciplinary life 
beyond the lab, They're drawn to work that 
‘erosses disciplines. They tend to havea streak of 
idealism, and some expressed frustration that 
US. policy has blocked progress on critical sus- 
‘ainabilty challenges. 

Before she became a Fellow in 2006, Adri- 
‘enne Huston made four trips to the Aretic and 
spent two postdoctoral years atthe University of 
Belgium in Lidge for research focused on how 
the enzymes emitted by some Arctic bacteria can 
affect global carbon dioxide levels. Much of her 
research involved international collaboration, 
and she has become an advocate of science 
diplomacy. This year, she renewed her fellow= 
ship for a second year 
inthe Office of interna 
tional Science & Engi- 
neering at the National 
Science Foundation. 

“I want to under- 
stand how science is 
done in a society,” 
Huston explained. 
“Where do we want to 
bbe in 20 years, and how do we get there?” 

Lekelia “Kiki” Jenkins says that sustain- 
ability issues will comprise an important part 
of her Fellowship work with the Marine Fish- 
eries Service of the National Oceanic and 
Atmospheric Administration. Her scholarly 
work had been in marine conservation and 
related technologies, but she suspected thatthe 
pursuit of tenure might be limiting. 

“Idon’t want to have to compromise and 
spend 5 or 7 years doing work that someone else 
{ells me is important before I can get down to 
doing the things that are really going to affect 
the quality of life for people and animals inthis 
world” Jenkins said. 

‘The conventional wisdom is that federal sci- 
‘ence policy is in the doldrums, but several ofthe 
Fellows described this as atime of opportunity. 


Critical measures on climate change, energy, 
and environmental policy will be debated in 
‘Congress this fall,and the White House recently 
has signaled readiness to act more aggressively 
‘on such issues. 

Joshuah Stolaroffhas done much of his 
research in climate policy and CO; sequestra- 
tion technology, and he'll work forthe next year 
in the Environmental Protection Agency Office 
of Solid Waste and Emengency Management, 
He expects that Fellows will provide valuable 
expertise while the nation’s political climate is 
changing. 

“Energy and climate issues have been 
important for atleast $ or 10 years, but this year 
‘we're sceing that the public really knows that 
they're important,” Stolaroff said, “There's alot 
‘of momentum building, Is very encouraging as 
scientist to know that there's public support for 
the things you've been working on.” 


COMMUNICATION 


Science: An Advance 
for Green Publishing 


Subseribers are reading a greener copy of 
Science these days, thanks to a recent switch, 
to recycled paper for its pages. Introduced 
in April, the new paper stock is made from 
30% post-consumer materials, The stock is 
also elemental chlorine-free, processed with 
chlorine dioxide instead of pure chlorine 
‘gas, which reduces the toxic by-products of 
paper pulp bleaching 

The journal is now a bit slimmer, but “the 
most significant change that readers might 
‘notice i that the paper doesn’t have a coating,” 
ssid James Landry, Science & production direc- 
tor. The matte paper reduces reading glare and 
“is easier on the eyes," he explained. 

Science Executive Editor Monica M. 
Bradford began a search for greener alterna- 
tives afer attending a session on recycled paper 
at the 2006 meeting of the Council of Science 
Editors. “Our content makes itclear that we are 
pro-cnvironment. | thought that it was impor 
{ant that Science practice what it preaches to the 
extent possible,” Bradford explained, 

In keeping with Science y international 
reach, the new paper has.a multinational pedi- 
‘gree of its own. The stock is manufactured by 
Finnish paper company UPM at their Augsburg, 
‘Germany, mill before being shipped to the jour- 
nal’s long-time U.S, printers, Brown Printing, 
‘Company in Waseca, Minnesota. 

Brown was awarded Forest Stewardship 
‘Council (FSC) chain-of-custody certification 
forall three of its print locations in the United 
States in 2007. FSC certification ensures that 
the paper products used by Brown come from 
‘materials harvested in a forest managed accord- 
ing to astrict set of environmental standards, 

Becky Ham 
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Fluorine in Pharmaceutical 


Looking Beyond Intuition 


Klaus Miller, "* Christoph Faeh,? Francois Diederich”* 


Fluorine substituents have become a widespread and important drug component, their introduction 
facilitated by the development of safe and selective fluorinating agents. Organofluorine affects nearly 
all physical and adsorption, distribution, metabolism, and excretion properties of a lead compound. Its 
inductive effects are relatively well understood, enhancing bioavailability, for example, by reducing the 
basicty of neighboring amines. In contrast, exploration of the specific influence of carbon-fluorine 
single bonds on docking interactions, whether through direct contact with the protein or through 
stereoelectronic effects on molecular conformation of the drug, has only recently begun. Here, we 
teview experimental progress in this vein and add complementary analysis based on comprehensive 
searches in the Cambridge Structural Database and the Protein Data Bank, 


luorinated compounds are the least abun- 
dant natural organohalides (1). Most 
terrestrial F is bound in insoluble form, 
‘hindering uptake by bioorganisms. Until 1957, 
‘no F-containing drug had been developed. Since 
then, over 150 fluorinated drugs have come to 
market and now make up ~20% of all pharma- 
ceuticals (2-5), with even higher 
figures for agrochemicals (up to 
30%) (4). Top-selling fluorinated 
pharmaceuticals include the anti- 
depressant fluoxetine (Prozac) (6), 
the cholesterol-lowering drug atorvas- 
{atin (Lipitor) (7), and the antibacterial 
ciprofloxacin (Ciprobay) (8) (Fig. 1). 
Chemists have known about F's 
inductive effects for decades. from 
small molecule studies (such as 
Hammett linear free-energy relation- 
ships). Also, F's capacity to enhance 
‘metabolic stability (mainly by low- 
cering the susceptibility of nearby 
moiaties 10 cytochrome PASO auzy- 
‘matic oxidation) has become inereas- 
ingly clear recently (9). In contrast, 
an understanding of how F affects 
binding affinity and selectivity atthe 


above as examples, the CF; group in fluoxetine 
(able SI, entry 1) and the F substituents in 
atorvastatin and ciprofloxacin enhance potency, 
but this gain can be explained with confidence 
only for atorvastatin, which has been structur- 
ally characterized bound to its target. Atorvas- 
tatin (median inhibitory concentration = 8 nM) 


Lipitor 


of atorvastatin bound t9 HMG-CoA reductase 
(table S1, entry 2) revealed that the aromatic 
C-F of the ligand approaches the guanidinium 
side chain of Arg590, [distance d(FC(N3) = 
2.9 A)], hinting at favorable polar interaction 
(1) discussed in detail below. Although 
Published structure-activity relationships for 
quinolone antibiotics (J2) such as ciprofloxacin 
might again hint at a favorable polar interaction 
of the essential F substituent at position 6, the 
absence of structural information limits confir- 
‘mation of any such hypothesis (for the structure 
‘of ciprofloxacin bound to the ActB multidrug 
efflux pump, see table SI, entry 3), 


Synthetic Advances 
Long after Moisson’s preparation of elemental 
F, in 1886, its extreme reactivity stil limited 
Widespread laboratory fluorinations. This situa 
tion changed around 1970 with the introduction 
of safe and selective fluorinating agents that 
‘were compatible with ordinary laboratory equip- 
ment and therefore amenable to elaboration of 
lead compounds (13-15), 

‘Today, an increasing number of such agents 
‘are directly available 10 researchers from com 
mercial supplicrs. Examples of nucleophilic 


Ciprobay 


molecular level is just starting 
develop. Here, we highlight recent 
findings of Fprotein interactions 
and complement the discussion with 
the analysis of structures in the Cam- 


Fig. 1. Major fluorinated drugs the antidepressant Prozac (table $1, entry 2), cholesterol-lowering drug Lipitor (table 
Si, enby 2), and quinolone antibiotic Giprobay (table S12, entry 3). The molecular-model conformations are from 
‘crystal structures, ligand Cs, green; O atoms, red; N atoms, dark blue; and Fatoms, light blue. Unless otherwise stated, 
this color code also applies to the images in Figs. 3 and S and the supporting online material (SOM). Images generated 
with MacPyMl (68). 


bridge Structural Database (CSD) 
and the Protein Data Bank (PDB). 

Structural information is essential for ratio- 
‘nalizing F contributions to protein binding affin- 
ity, Taking the three pharmaceuticals mentioned 
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inhibits. 3-hydroxy-3-methylglutaryl-coenzyme 
A (HMG-CoA) reductase, an essential enzyme 
in the biosynthesis of cholesterol. In an carly 
stage of development, a series of inhibitors 
featuring a pyrrole core similar to the one in 
atorvastatin was screened. The 4-fluorophenyl 
derivative was found to be superior to ligands 
with hydroxy (by a factor of 2), hydrogen 
(factor of 5), oF methoxy (factor of 10) groups in 
this position: only the chlorinated ligand was of 
similar potency (10). The X-ray crystal structure 


reagents used to form C-F bonds (Fig, 2A) in- 
clude diethylaminosulfur trifuoride (DAST) 
(16), 2,2-difluoro-1,3-<dimethytimidazolidine 
(DFI (/7), and bis2-methoxyethyl) aminosulfur 
trifluoride (Deoxofluor) (18); these reagents 
transform alcohols into monofh and care 
bonyls into gem-dif_uorides. A wide range of 
electrophilic reagents bearing a R3N-F of RsN 
F unit has also been developed and commer 
ized, elaborated from the first such agent, 
pyridinium poly(hydrogen fluoride) (Olah’s 
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reagent) (/3). Examples (Fig. 2B) include 1- 
chloromethyl -ttluorodizzoniabicyelo [2.2.2Joctane 
bistetrafluoroborate) (Selectfluor) (/3) and N= 
fluorobenzene-sulfonimide (NESI) (/3). Tri- 
fluoromethyl groups are conveniently introduced 
‘with trimethyl(trfluoromethyl)silane (Ruppert- 
Prakash reagent) (/3) or the more recently de- 
veloped wifluoroacetamides (Fig. 2C) (9). 
Protocols for asymmetric fluorinations are also 
expanding (20). Nevertheless, most of these 
reagents are too expensive for plant-scale pro- 
duction, where traditional methods such as the 
tuse of elemental F prevail. 


Physical and 

Pharmacokinetic Properties 
Fluorine is the most clectronega- 
tive element. The C-F bond is one 
of the strongest known (table S2), 
and adjacent C-C single bonds are 
also strengthened, whereas allylic 
CC double bonds are weakened 
bby F substitution (2/). The very low 
polarizability of organofluorine sub-B 
stituents sso impacts intermolecular 
imeractions (22), Further, the nucle- 

‘ar magnetic resonance (NMR) ac- 

tivity of F's sole natural isotope, 

YE, is convenient for characteriza 

tion (23). 

Fluorine often replaces H ing 
‘organic molecules but the size and 
stereoelectronic influences of the 
‘wo atoms are quite different (for 
bond lengths and van der Waals 
radii and yolumes, see table $2). 
‘The bond length of C-F (141 A) 
is actually more similar to C-O 
(1.43 A) than t C-H (1.09 A), 
although packing-radius compari- 
sons are a subject of ongoing 
research (24), The van der Waals 
Volume of the trifluoromethy| (CFs) group (as in 
fMuoxetine) is similar to that of the ethyl group 
(CH,CH,) but the shapes of the two groups ane 
very different. Despite suggestions that CF) and 
isopropyl ((CHy)sCH] are interchangeable (2/), 
isopropyl has a larger volume and is axially 
anisotropic (25), 

Bioisosterism isan important concept in 
lead optimization. It refers to the capacity of 
‘toms or functional groups with similar sizes or 
shapes to be interchanged without substantially 
altering biological behavior such as binding 
affinity (26), Thus, the fluorovinyl group 
(CCHF) has been used as a replacement for 
the peptide bond (27). Fluorine takes the posi- 
tion of the carbonyl O, and the planarity of the 
vinyl unit makes it quite a good match in size 
‘and geometry, as shown in the inhibition of 
dipeptidyl peptidase 1V. The C-F bond length 
and the total extension of a C-F unit are similar 
to the values for the C-O group (table $2). The 
C-CF; fragment has also been introduced as a 
substitute for the C=O group, providing a 
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substantial gain in potency of cathepsin K 
inhibitors (28). The C-F and C-O dipoles can 
‘undergo similar multipolar intersctions with 
neighboring dipoles. 

Bioisosterism of C-F, C-OH (29), and 
C-OMe (where Me is methyl) was also ob- 
served for a series of tricyclic inhibitors of throm 
bin, a Ser protease from the blood-coagulation 
‘cascade (30). Similar potency was found for 
inhibitors in which any of the three groups were 
bound at specific positions an the central scaffold 
0 as 10 point into the region of the catalytic 
triad and the oxyanion hole ofthe enzyme. C-F, 


into enforcing the most favorable conformation 
‘through rigiification. When binding « preorgs- 
nized ligand, no enthalpy loss occurs to reach the 
favorable binding geometry, and there is no need 
to freeze out the desirable binding conformation 
in an entropically unfavorable way. Conforma- 
tions of five ligands are usually determined 
‘experimentally in solution by 'H NMR measure- 
‘ments, and this information is frequently com- 
plemented by gas-phase theoretical calculations 
‘and conformational searches in the CSD (3/, 32). 
Information on the conformation of bound 
ligands is usually extracted from protein-ligand 
‘cocrystal strictures. 
Substitution of H by F can pro- 
foundly change the conformational 
preferences of a small molecule 


te eae SF, because of size and stercoelectronic 
a) xe Som A effects. A comparison. between 
(( 4] | methoxyphenyl and trifluorome- 
maar a we, thoxyphenyl groups illustrates the 


Bey hs 


Trifluoroacetamide 


Fig. 2. Examples of safe and selective fluorination agents. (A) Nucleophitic 
agents, (B)electrophitic agents, and (C) reagents to introduce CF; groups. 


C-OH, and C- OMe thus appear to be bivisosteric 
(in terms of binding efficacy) if the negative 
poles (O, F) interact with the positive pole of 
another dipole or a positively charged center, 
provided that the Me group of C-OMe can be 
accommodated without strain and that the OH 
group finds a H-bond acceptor. A. striking ex- 
ample of this analogy between C-OH and C-F 
has also been noted (//) in a crystal structure of 
a HIV protease complex with a bound peptidic 
inhibitor containing central a-diftuoroketone 
hydrate unit (table S1, entry 4). 


Conformational and 
Stereoelectronic Influences 

Knowledge about the energetically mast favor- 
able conformation of a ligand is essential for 
optimizing the binding efficacy, which increases 
with the igand’s degree of preorganization: The 
more closely the geometry of the bound ligand 
resembles the lowest-energy conformation of the 
free ligand, the stronger the gain in binding free 
energy. Ligand preorganization usually translates 


influence of F on conformation. 
Methoxy groups lie in the plane of 
the phenyl ring because the p 
‘orbital of the sp°-hybridized O is 
in x conjugation with the aromatic 
x system. This conformation is 
preferred by ~3.0 kcal/mol (33, 34), 
In contrast, trifluoromethoxy groups 
tend to tum out of plane because of 
their larger size and, presumably 
‘more substantially, stereoelcctronie 
etets. Orienting C-F bonds anti- 
periplanar to the lone pairs of the 
‘now sp"-hybridized O results in an 
anomeric no-o%cr conjugation with 
‘concomitant lengthening of the C-F 
bonds (35). This effect reduces the 
conjugation between O and the 
aromatic x system and eliminates 
the energetic preference of a planar, 
in-plane conformation. 
Computational studies and searches. in the 
CSD (fig. $1) (31, 32) and the PDB (36) were 
carried out to investigate the conformational 
preferences of aromatic OCHs, OCHSF, OCHF., 
and OCF; groups. Only cases in which at east one 
‘ortho position of the aromatic ring was un- 
substituted were considered, a wo non-H ortho 
‘groups lead to orthogonal orientations of all 
alkoxy groups for steric reasons. Neither CSD 
nor PDB searches yielded any structures with 
aryl-OCH.F motifs; computational studies 
revealed (33, 34) two conformational energy 
minima with dihedral angles 8 (Cuyi-Curyt 
(0-C(H.F)] of 24° (AF x1 0.0 kcal/mol) and 0° 
(AEqa™ 4.2 kcal/mol). Whereas the high-energy 
conformation is predicted tobe planar without an 
anomeric effect, the low-energy twisted conor 
mation has the C-F unit in an anomeric arange- 
‘ment. Overall, the change from OCH, to OCH,F 
reduces the in-plane conformational preference, 
‘The CSD search provided seven aryl-OCHF, 
fragments, with torsional angles [Cyor-Caye-O 
(C(HF,)] between 1° and 90°. Thus, there seems 
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to be no orientational preference, as. was also 
confirmed by calculations that afforded equal- 
‘energy minima at @ = 33° and 90°. The onhog- 
‘onal conformation has both C-F bonds in. an 
anomeric (endo) orientation similar to the ti- 
Auoromethoxy group, whereas the twisted con- 
formation is predicted to have only one C-F 
bond in an anomeric position (with a slightly 
longer C-F bond length than the nonanomeric 
C-F bond). This prediction is particularly nicely 
bbome out by acrystal structure (able S1, entry 5) 
in which the asymmetric unit contains two 
independent molecules, one with an approximate 
‘onhogonal conformation (8 = 
86°) with two anomeric CF 
bonds, the other with a twisted 
arrangement (0 ~ 58°) and only 
‘one anomeric C-F bond, This 
structure provides experimental 
evidence that the two conforma 
tions cannot be largely different 
in energy as they coexist within 
the same erystal. Seven struc 
tures in the PDB feature ligands 
with aryl-OCHF, fragments 
(table SI, entries 6 to 11). The 
measured dihedral angles vary 
from = 0° t0 50°. Three of the 
seven X-ray crystal structures 
‘were complexes of phosphodi- 
esterase 4 with roflumilast 
(DAXAS), 4 drug against respi- 
ratory diseases that was. with 
«drawn from the market in 2008 


A 


iteen structures with arylOCF; frag- 
ments were found in the CSD. The majority 
show a preference for a dihedral angle Cy 
Cyot-O-C(Fs) of 890°. Thus the O-CF, bond 
‘seems to prefer an orthogonal orientation to the 
aromatic plane, although the calculations suggest 
that the energetic differences in the dihedral- 
angle range of O° to 90° are small (~1 kcal’mo). 
‘The PDB contains eight structures with aryl 
OCF; fragments (table SI entries 12 40 19); six 
hhave a dihedral angle @ between 81° and 86°, so 
hhere too we see a preference for orthogonal 
alignment of the O-CF, bond (Fig. 3). The one 
structure in the CSD (table SI, entry 20) with an 
aryl-SCF; bond also shows 90° dihedral angle. 
‘The introduction of F into piperidine rings 
decreases the basicity of the N center (38), 
thereby improving oral bioavailability, as has 
bbeen shown for ligands of the human S-HT}o, 
‘receptor, a target in migraine therapy (39), and 
for antagonists of the h5-HTq receptor, a target 
in schizophrenia therapy (40). Fluorine in pro- 
tonated 3-fluoro- and. 3,5-difluoropiperidines 
strongly prefers the axial position in aqueous 
solution, whereas after deprotonation, the F sub- 
stituent adopts an equatorial position (4/, 42). In 
the axial orientation, the polar C-F and N"-H 
fragments undergo favorable antiparallel dipolar 
interactions. These intramolecular interactions 
are quite effective, and the axial preference of 


www.sciencemag.org 


3-fluoro- substituents i maintained in protonated 
3-fluoro--alkylpiperidinium salts and even in 
quatemary 3-fluoro-VV-dialkylpiperidinium 
salts, despite steric congestion. 


Influence of logD and pk, Effects 
Biological absorption and distribution are targe- 
ly controlled by the ionization state and balance 
‘of lipophilicity and hydrophilicity in a drug 
molecule. Enhanced lipophilicity can increase 
the measured binding free energy through more 
favorable partitioning between the polar aque- 
‘ous solution and the less polar receptor site. A 


Fig. 3. (A) Aryl-OCHF, fragment (0 = 19°) of roflumilast bound to phosphordiester- 
ase 4 (table S1, entry 7) shows a multipolar C-F- « «C=O contact with the backbone 
‘amide of T1p332.(B) Aryl-OCF, fragment (9 = 81° of an inhibitor bound to the Ser 
[protease trypsin (table S1, entry 13). Protein Cs are shown in gray (also applies to Fig. 
5 and the SOM). 


convenient measure of lipophilicity is the loga- 
Fithmic coefficient (logD) for distribution (D) of 
4 compound between octanol and water at pH 
7.4. In general, H/F exchange leads to a more 
lipophilic molecule. The logD values of nearly 
300 compounds have been measured, and they 
followed this trend (43). A single H/F exchange 
raises the logD value by approximately 0.25. A 
lange increase in logD is usually seen when F is 
introduced nearby a basic N. Amine basicity is 
decreased because of the o-inductive effect of F, 
and thus the ratio of neutral to protonated 
molecules increases. 

However, there are exceptions wherein the 
introduction of F, in particular into aliphatic chains 
nd rings, leads to reduction in the logD value. 
LogD values sometimes decrease when F is 
introduced near O (43) oF N atoms (30), Such a 
decrease was observed when the O=F distance 
of at least one low-energy conformer in a mol- 
cule was smaller than 3.1 A, and this finding 
hhas been tentatively explained by solvation 
effects. On the other hand, replacement of a 
methoxy group by a trifluoromethoxy group 
attached t0 an aryl unit may result in a marked 
increase in lipophilicity as seen, for example, in 
the AlogP of 1.1 between trifluoromethoxy- 
and methoxybenzene [the logarithmic partition 
coefficient logP (octanol'water) and logD are 
identical for nonionizable solutes} (44). This 
finding can be explained by a primary HF 
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effect augmented by a depotarization and desolv- 
ation effect by the orthogonally oriented OCF: 
‘group, partially shielding one x fice of the 
‘aromatic ring. 

Also somewhat surprisingly, (3-fluoropropyl)- 
benzene and (333-tifluorepropyDbenzene are 
markedly less lipophilic than nonfluorinated 
ppropylbenzene, with AlogP =-0,7 and -0.4, re 
spectively (fig. $2), This result can be explained 
by the introduction of polarity to a highly hy- 
<drophobic domain. In this example, the polarity 
effect is stronger for the monofluarinated analog 
than for the wiluorinated one, 

Fluorine introduction also 
strongly reduces amine basic 
impacting membrane perme- 
ability (45), the potential Liab 
ity for phospholipidosis (46), 
and interference with the hER 
(human ether a-go-go-related 
gene) K” channe! associated with 
cardiovascular toxicity (47-49). 
Useful predictive rules have boen 
developed for tuning the pk, 
values (wher A; isthe acid dise 
sociation constint of base amine 
‘centers through -transmission 
effects of F, O, N, and S fine- 
tionalities (38, $0). Thus, the 
pK, value steadily decreases 
‘upon F introduction inthe series 
CHjCH3NH; (10.7) > 
FCH,CH:NH (9.0) — 
F,CHCH,NH} (7.3) > 
F\CCHNH, (5.7) (38). A sulficient number of 
nearby F atoms can leave an amine unprotonated 
‘at physiological pH, resulting in higher bio- 
availability, as shown for inhibitors of the human 
S-HT ip, receptor (3%). In alicyclic systems, 
‘substantial conformational and stereoclectronic 
effects are only beginning to be identified and 
understood (38, 5/). For example, oransmission 
ceffocts in fivemembered rings (such as pyr 
rolidines) are only 70 to 80% as efficient as 
those in six-membered rings (such as piper- 
dines), in which perfectly staggered conform 
tions, similar to those of aliphatic chains, can be 
adopted (38). 

Over the past $ years, we have conducted a 
“fluorine scan” of tricyclic inhibitors of thrombin 
{0 map the fluorophiliity and/or fuorophobicity 
of the enzyme active site (30, 52-56). Fluorine 
‘was systematically introduced at various posi 
tions of the inhibitor skeleton to explore specific 
interactions of the halogen with active-site amino 
‘acid residues of the enzyme. The binding mode 
‘of the trcyetic inhibitors at the thrombin acti 
site was confirmed by several crystal structures of 
protein-ligand complexes and is schematically 
shown in Fig. 4 (30, 52, 56, $7). Remarkably, the 
pK, value of the tertiary-amine center in the 
inhibitors can be tuned from the usual value near 
10 to less than 2, through o-transmission effects 
‘of remote Fs. The pX, value of the tertinry-amine 
‘center in tricyclic (#)1 is 7.0, 3 units below the 
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approximate value for a simple trialkylamine 
(10.2) and some 4 units below the pk. of 
heliotridane, a methylated. hexahydropymolizi- 
dine that isthe closest comparison compound for 
the bicyclic fragment that incomorates the 
tertiary-amine center (38). This pX, lowering 
results from the electron-withdrawing effects of 
the two imide carbonyl groups. The pheny!- 
‘amidinium moiety in (#)2 reduces the pK. value 
further by 2.5 units, Adding one F to the terminal 
fivemembered ring [(+)3 10 (+)6] lowers the 
pK, value to ~3.3. In each of these compounds, 
F is in both f and y positions of the tertiary 
amine and thus draws electron density through 
‘two a pathways. The px, reduction by OH ((+)7] 
and McO [(+)8] groups is much less effective. 
‘The protonated difluorinated compounds (~)9 
and (#)10 are even moderately strong acids 
(pk, <2). 

Carbonic anhydrase II is another enzyme for 
‘which organofluorine effects on physical proper- 
ties and binding efficacies of aliphatic and 
‘benzenesulfonamide-based inhibitors have been 
extensively studied (58, 59) The introduction of 
F near the sulfonamide (RSO:NH,) moiety 
increases the acidity of the N-H bond, facilitat- 
ing deprotonation and stronger binding of the 
resulting anion to the Zn({t) ion atthe active site 
‘of the enzyme, This point is nicely illustrated by 
comparing the inhibitory potency of weakly 
acidic methylsulfonamide (CH)SO;NH,) [pk = 


10, inhibition constant (Ki) = 10M] to that 


counterpart CF;SO:NH, (p&, 
10°” M) (60). 


58, K-2% 


Selective Protein-Ligand Interactions 
Electronegativity considerations would suggest 
that C-F behaves similarly to C-O and C-N 
fragments and acts as a good H-bond acceptor. 
However, an extensive search of the CSD and 
the PDB revealed this not to be the case (61). 
‘The C-F unit is a poor H-bond acceptor: 
Organic F has a very low proton affinity and 
is weakly polarizable. Nevenheless, the large 
number of C-F-H-X (where X = O, N, S) as 
well as C-F~H-C, (Cy carbon of a amino acids) 
‘contacts points to the fact that it is favorable for 
the C-F dipole to undengo multipolar interactions 
(1), C-F-H-N (backbone amide) interactions 
ane abundant in the PDB (36). Out of 788 C-F 
containing structures, constraining the F~-N sepa- 
ration below the van der Waals contact distance 
of d; = 3.1 A and the angles a > 150° and 90° < 
dz = 150° gave 11 structures in which the C-F 
moiety of the ligand points toward the H-N 
bond (Fig. SA). In the case of two thrombin 
inhibitors that differ by only one H/F substitu 
tion (43), the F-containing inhibitor is more po- 
tent by a factor of S and shows a dramatic 
‘conformational change in its bound state when 
‘compared to the nonfluorinated ligand (Fig. SD 
and fig. $3). The crystal structures (table SI, 
entries 21 and 22) reveal for the Muorinated 
analog a dipolar C-F-H-N interaction with a 
distance of 3.5 A, which could be responsible for 
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the observed change in conformation. This 
distance is well beyond H-bonded contact dis- 
tances, but the conformational change and the 
resulting gain in potency provide particularly 
strong evidence for energetically favorable dipo- 
lar interactions. 

Orthogonal multipolar C-F~C=O interac- 
tions were nicely revealed during the Muorine 
scan of tricyclic thrombin inhibitors (5. 
Introduction of F in the para position of the 
benzyl ring occupying the D pocket of thrombin 
(Fig. 4) enhanced the binding affinity by a actor 
of 6 (AAG = -1.1 keal mot", where AAG is the 
diference in binding free enthalpy between pare 
Fesubstituted and unsubstituted ligands) (52), 
X-ray crystallography revealed (table SI, entry 23) 
that the C-F residue interacts not only at short 
distance with H-C, [d(C 3.1 AJ] but also in 
‘an exthogonal fishion, with the backbone C-O 
group of Asn98 (Fig, SC), Such onhogonal 
‘multipolar interactions were subsequently shown 
to be abundant in both small molecule x-ray 
crystal structures and in_protein-ligand com 
plexes (//, 54), although they had not been 
recognized as such (for an carly example, see fig. 
$4 (62)]. Investigations of a model system in 
‘chemical double-mutant cycles. subsequently 
‘confirmed the attractive nature ofthe orthogonal 
C-FC-O interaction, with a contribution in 
binding free enthalpy in apolar environments of 
AAG = -0.2 10 -0.3 keal mol”, about a third of 
the gain from a neutral H bond (63). Such 
‘contacts are observed for both aliphatic and 


yr60A 
Fan Se P pocket 


Fig. 4. (A) pX, values for the tertiary-amine center in tricyclic inhibitors of the Ser protease thrombin. (B) Binding mode of the inhibitors as confirmed 
by x-ray crystal structures of protein-tigand complexes. 
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Fig. 5. (A) Fluorine interacts favorably with peptidic N-H (ligand Cs in green) and C=0 (ligand Cs 
‘in purple) moieties. (B) Fluorine undergoes dipolar interactions with side-chain amides of Gln and 
‘Asp (ligand Cs in yellow). (C) The C-F residue of a tricyclic inhibitor undergoes a multipolar 
interaction with the backbone C=O of Asn98 in the D pocket of thrombin (table $1, entry 23). (D) A 
dipolar N-H- « «FC interaction induces the shown conformation of a thrombin inhibitor within the 


‘enzyme (fig. $3 and table S1, entry 22). 


aromatic C-F and are also seen for CFs groups. 
In the structure of an inhibitor of the wifluoro- 
acetyl peptide class bound to porcine pancreatic 
elastase (table SI, entry 24), all three F atoms of 
the CF;CO group interact in an orthogonal 
fashion with three backbone C=O groups of the 
protein. At short contact distance, orthogonal 
C-F--C>0 interactions are much more frequent 
than the energetically more favorable antiparallel, 
dipolar alignments (/2), which can be explained 
by reduced steric hindrance. 

‘An earlier search for orthogonal C-F--C-O 
interactions in the PDB (//, 54) was repeated 
‘with an upper cutoff limit for the FC distance 
of dy» 3.3 A (Fig. SA) and angles set to values 
of as > 140° (C-F-Co.g) and 70° <ay< 110" 
(F=Ce-o7O). This search yielded 20 hits shown 
in Fig. 5A. Most of these hits also feature addi- 
tional favorable C-F-H-C,, interactions below 
the van der Waals distance. An overlay of both 
COF“H-N and C-FC-O interactions ilus- 
trates how F organizes around backbone amides, 
‘which clearly provide a fluorophilic environment. 
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‘The new search also revealed a specific 
geometric preference for the interaction between 
C-F and side-chain amide residues of Gin and 
‘Asn. In 17 out of 23 hits, C-F points frontally 
‘onto the HaN-C-O moiety, with the FN 
distance as the shortest (ds < 3.1 A), The 
O-F-C and N-F-C angles amount to 120° < 
sey whereas the Co.o-N=F and Co.o-O-F 
angles have values of 60° < ays < 150° (Fig. 
SB). An example for this preferred interaction is 
found in the complex of endoglucanase CelSA 
bound to a fluorinated inhibitor (table SI, entry 
25); here, the FN distance is 29 A. 

Beyond highlighting the favorable character 
‘of orthogonal C-F--C>O interactions, the fluo- 
rine scan of the thrombin inhibitors leads to 
some general conclusions about Muorophobic 
environments. C-F bonds pointing into highly 
polar environments such as the oxyanion hole of 
thrombin were found to reduce binding affinity. 
‘Also, C-F bonds avoid pointing directly at the 
© atom of C=O groups. Thus, the behavior of F 
‘contrasts with that of the larger, more polariz- 
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able halogens Br and in particular 1, for which 
such linear C-X-O-C alignment is observed 
(Chalogen bonding”) (17). Tricyclic thrombin 
inhibitors directing uoroalkyl and alkyl resi- 
dues of appropriate and similar size into the 
‘narrow P pocket of thrombin, which is lined by 
the side chains of Trp60D, Tyr60A, and HisS7 
(Fig. 4), gave similar binding affinities, How: 
ever, overlays of crystal structures suggest that a 
CHF, group in the P pocket points away from 
the electron-rich x surface of the indole ring of 
‘Trp60D lining the pocket (55). A preference for 
positively polarized environments is: consistent 
with F's high electronegativity, 

This conclusion also finds suppor in a PDB 
search for C-F interactions with the guanidi- 
nium group of Arg, inspired by observations for 
the complex. of atorvastatin bound 19 HMG- 
CoA reductase (table SI, entry 2). In many 
protcin-ligand complexes, C-F bonds point 
toward the guanidinium moi 
$5). However, no linear C 
\were observed, in agreement with the poor H- 
bond-accepting capacity of F. Instead, C-F 
‘bonds were found to orient cither parallel wo or 
more onhogonally to the guanidinium plane 
\with its delocalized positive charge. A high total 
‘of 32 structures showed distances below 3.8 A 
(the distance cutoff takes into account the 
longer ringe of interactions involving charges) 
between the F atom and the central C stom of 
the guanidinium residue, which clearly high- 
lights the fuorophilic character of the Arg side 
chain, 

Fluorine also affects the aromatic interac~ 
tions of the phenyl ring to which itis attached. 
‘The positive polarization of neighboring ortho H 
increased, strengthening C- 
(where X = O, N) and C-He-n interactions. 
Upon moving from benzene to hexafluoroben- 
zene, the quadrupole moment changes with 
increasing fluorination from a large negative to 
1 large positive value (64-66). In benzene, the 
negative poles are on the m surfaces and the 
positive poles on the C-H residues; in hexa- 
Muorobenzene, the charge distribution is exactly 
‘opposite. This distinction has strong implica- 
tions for aromatic interactions, Benzene and 
hhexafluorobenzene undergo efficient eclipsed 
face-to-face stacking interactions, which have 
‘been used as « construction principle in supra- 
molecular chemistry (67). In medicinal chemis- 
try, it was shown that face-to-face stacking 
interactions between the pentafluoropheny ring 
of a 1,34-thiadiazole-2-thione-based inhibitor 
‘and Tyrl5S of the metalloprotease stromelysin 
(table SI, entry 26) strongly contribute to the 
protein-ligand binding affinity. Nevertheless, 
variety of electrostatic forces such as dipole- 
pot, dipole-induced dipole, or dipole-quadupole 
interactions. may dominate quadrupole-moment 
interactions and induce other orientational pref 
ferences between aromatic and fluoroaromatic 
rings. Thus, a rare edge-to-fice interaction be- 
‘tween Phel31 and a perfluorophenyl ring, was 
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seen in the crystal structure ofan inhibitor bound 
to carbonic anhydrase Il (table S1, entry 27). 


Outlook 

I is becoming clear that F can enhance binding 
efficacy and selectivity in pharmaceuticals. AS 
small atoms of high electronegativity, F sub- 
stituents on ligands prefer to orient toward 
lectropositive regions of receptor sites. Distinct 
fluorophilic environments in proteins include the 
"ubiquitous peptide bonds (particularly those in 
hydrophobic environments), which undergo mul- 
tipolar C-P“H-N, C-F~C-O, and C-F-H-Cy 
interactions, as well asthe side-chain amide res- 
idues of Asn and Glu and the positively charged 
‘guanidinium side chain of Arg. Correspondingly, 
F introduction into regions of high electron 
density can adversely affect the binding affinity. 
‘The introduction of luoroalky! substituents into 
tight lipophilic pockets lined by electron-rich 
aromatic rings neither increases nor decreases 
binding affinity substantially, as compared with 
similarly sized alkyl residues. However, aking 
into account advantageous effects on physico- 
chemical properties, an overall benefit may well 
result from the decoration of ligands with 
fluoroalkyl residues to occupy apolar aromatic 
pockets, On the basis of these conclusions, we 
‘suggest systematic fluorine scans of ligands as a 
promising strategy in lead optimization, no only 
{to enhance physicochemical and adsomption, 
distribution, metabolism, and excretion proper- 
ties, but also fo strengthen protein-ligand binding 
interactions, 
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Correlated Evolution and Dietary 
Change in Fossil Stickleback 


‘Mark A, Purnell,"* Michael A. Bell,” David C. Baines,” Paul J. B. Hart,” Matthew P. Travis* 


‘odels, experiments, and field studies 
Provide evidence of the ecological 
controls on evolution, but extrapolating 

results over longer time scales is perennial 

‘problem in evolutionary biology. Trophic ecology 

and competition for food, for example, are thought 

to drive speciation through niche differentiation, 
character displacement, and phenotypic 
divergence (/). Yet direct evidence that feeding 
controls evolution over extended time scales, 


high-resolution record of evolutionary change 
within a lineage spanning tens of thousands of 
years (3). 

We investigated the retationship between troph- 
jc resource use and evolutionary change through 
‘quantitative analysis of dental microwear (4). 
Laboratory feeding experiments and analyses of 
Wild stickleback populations show that microwear 
exhibits a progressive shift ffom planktivores to 
bonthic feeders (Fig. 1, A and B) (5) Discriminant 
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Fig. 1. Microwear in stickleback teeth and correlated evolutionary change. (A) Scanning electron micrographs 
showing tooth microwear in fossil (top) and extant benthic feeding (bottom) stickleback. For details, see fig. $2. 
(B) Microwear in wild-caught and lab-raised stickleback. Open ellipses indicate lab distributions (blue, benthic 
treatments; red, planktivore; solid, dashed, and dotted lines are course, medium, and no sand substrate, 


‘These changes in inferred trophic ecology are 
significantly correlated with evolutionary changes 
in armor phenotype through time (3) (Fig. 1E). 
DF scores are correlated with dorsal [nonpara- 


‘metric Spearman rank corelation (r,) = 0.23, P= 
(0.03, n= 89 fish] and pelvic armor (r, = 021, P- 
(0.05), feature density with dorsal armor (r= 0.24, 
P=0,02). Interestingly, the shift to more benthic 
ecology within sample 198 (Fig. 1, D and E) 
precedes the increase in mean armor scores in 19.6 
{a time lag of cirea 100 years). This evidence of an 
ccological shift preceding phenotypic change 
suggests that this part ofthe sequence may record 
rapid evolution driven by shifts in trophic ecology 
and adaptation to benthic niches, I'dhis hypothesis, 
iscorreet, however, the low number of specimens 
displaying intermediate phenotypes is puzzling, 
and the scenario of replacement of one lineage by 
‘another (3) cannot be nuled out. The gridual shift 
to less benthic ecology over the 
next 17,000 years supports. the 
interpretation that a return to low= 
armor phenotypes reflects direc- 
tional natural selection (3), 

‘Our analysis shows that dental 
smicrowear analysis can provide 
direct evidence for changes. in 
trophic niche and resource exploi- 
tation in fossil fishes. That changes 
in feeding can be detected ine 
dependently of morphological 
change highlights the potential of 
{his approach to provide important 
insights into trophic ecology dure 
ing adaptive radiations of fishes 
and other evolutionary events, 


respectively) In wild fish, microwear tracks trophic ecology as indicated by % benthic stomach contents and mean 


gill raker count (Mud Lake, most benthic; Long Lake, least benthic). (C) Fossil stickleback microwear; inset (D) 
shows sample 19.8 divided into earlier (1746 to 1753 years) and later (1757 to 1771 years) subsamples with shift 
toward more benthic trophic ecology in later interval. Ky, thousand years. (E) Trophic niche and morphology in 
fossil stickleback through time [° dorsal armor; + pelvic armor; © mean feature density; x DF scores (minimum of 2. 
(0.38 and maximum of 2.51)]. Colored horizontal bars show niche scores reflecting the position of the samples in 


the benthic-planktivore microwear spectrum (C). Time scale follows (3). 


available only from the fossil recond, is difficult 
to obtain because it is rarely possible to directly 
analyze dietary change in long-dead snimals. 
Functional changes must be infered from changes 
in morphology, and attempts to determine whether 
‘momphological changes were caused by shifts in 
feeding ean become circular, 

Here, we report an investigation of trophic 
resource use in a fossil sequence preserving an 
evolving lineage of threespine stickleback 
(Gasterostews). We focus on stickleback for 
{two reasons. First, perhaps the best-known work 
‘on speciation in fishes concems stickleback in 
postglacial coastal lakes in Canada, where 
planktivores and benthic feeders coexist as two 
teproductively isolated and phenotypically dis- 
tinct trophic forms. The differences between these 
forms result from competition for food (1, 2). 
‘Second, fossil stickleback fom the Miocene 
‘Truckee Formation (Nevada) provide a detailed, 
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analysis using feature length and density indicates 
that scores for the fist discriminant function (DF) 
are a good predictor of trophic ecology. For wild 
fish populations (n ~ 4), mean soores were sit- 
nificantly correlated with diet (r= 0.95, P= 0.05) 
and gill raker number (r= -0.996, P = 0.004). 

Analysis of fossil stickleback texth revealed an 
overall range and pattem of feature densities and 
lengths similar to that of extant fish (Fig. 1C), sug- 
gesting that the fossil microwear records a similar 
bbenthic-planktonic feeding spectrum. This. was 
supported by application of the DF derived from 
wild fish to the fossils: DF scores vary significantly 
between samples (F = 1038, df of 7 and 87, 
0.0001), and a Tukey-Kramer procedure revealed 
significant pairwise differences. This procadure alo 
grouped some fossi samples with benthic-eeding 
wild populations (samples 19.6, 19.7, 19.6, and 
6.9), others with planktivore populations (21.5), 
with some placed between (2.9 and 3.8). 
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The Dark Side of the Rings of Uranus 


Imke de Pater, * H. B. Hammel,? Mark R. Showalter,* Marcos A. van Dam* 


‘The rings of Uranus are oriented edge-on to Earth in 2007 for the first time since their 1977 
discovery. This event provides a rare opportunity to observe their dark (unlit) side, where dense rings 
darken to near invisibility, but faint rings become much brighter. We present a ground-based 
infrated image of the unlit side of the rings that shows that the system has changed dramatically since 
previous views. A broad cloud of faint material permeates the system but is not correlated with the 
well-known narrow rings or with the embedded dust belts imaged by the Voyager spacecraft. 
‘Although some differences can be explained by the unusual viewing angle, we conclude that the 
dust distribution within the system has changed substantially since the 1986 Voyager encounter and 
that it occurs on much larger scales than has been seen in other planetary systems. 


“observer to sce varying views as the plant 

travels around the Sun. Uranus has tit of 
98°, so it presents extreme changes in viewing 
geometry during its 84-year orbit. The Voyager 2 
‘encounter with Uranus in 1986 occurred near that 
planet's southem summer solstice, with its south 
‘pole pointed almost directly toward the Sun, $0 
the rings were face-on and fully illuminated as 
Voyager approached (/). Twice during a uranian 
‘year, the rings appear edge-on for a brief period, 
referred to as a ring plane crossing (RPX). We are 


A planet's axial tit causes an Earth-bound 
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Fig. 2. The dark side of the rings of Uranus, as 
‘imaged by Keck AO. The image is rotated ~90°, so 
the ring plane is oriented horizontally, and 
celestial north points toward the right (as indicated 
by the compass rose). Below the figure are profiles 
of ring intensity versus projected radial distance, 
Horizontal white bars in the image indicate the 
approximate radial extent of these profiles. Two 
versions of each profile are shown: one integrated 
‘over three pitels normal to the ring plane (ie, 
three columns in the image before rotation; black 
line) and the other over 15 pixels (red tine). The 
‘broader integral captures more of the rings’ light 
but shows somewhat less detail. The y axis is “VIF” 
‘or vertically integrated JIF. Here, I/F is a dimen- 
sionless quantity, where / is intensity and nF is the 
solar flue density. Note that the scales for VIF 
differ for the two integrals, with the black profile's 
scale shown at left and the red profile’s scale 
shown at right. 
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curently in the midst of the fist RPX since the 
rings were discovered in 1977 (Fig. 1) (2) 

The RPX offers a rire opportunity to study 
features not usually observable, as exemplified 


Fig. 2. Uranus-centered latitude of Earth 

and Sun during 2007 and earty 2008. 
Earth crosses the ring plane three times 3. 
May 2007, 16 August 2007, and 20 
February 2008. The Sun crosses the ring 
plane on 7 December 2007 (equinox). i 
Shaded regions indicate the times when 
Earth and Sun are on opposite sides of the 

fing plane G.e, on opposite sides of 0° 
latitude), providing a rare Earth-based 

look at the unlit side ofthe rings. The date 

of our image is indicated. 


by Satum’s RPX in 1995 (3-5). In particular, 
‘observations of the “dark” or unlit side of the 
‘ings—when Sun and Earth are on opposite sides 
of the ring plane—provide the chance to 
characterize faint, optically thin regions, As the 
rings’ opening angle B decreases, optically thin 
rings brighten as /sin(B), whereas optically thick 
rings fade as a result of mutual shadowing and 
‘obscuration of particles. 

On 28 May 2007 (universal time), we 
‘obtained an infrared image of the dark side of 
the ring system with the 10-m W. M. Keck Il 
telescope. We used the near-infrared camera 
NIRC2, coupled 10 the adaptive optics (AO) 
system. Thirty I-min images were combined. 
‘The pixel size was ~146 km (0.01, yielding an 
effective resolution of 660 km. Absolute pho- 
fometry was bootstrapped from Uranus ise 
with data obtained in July 2004 (6, 7). Methane 
and hydrogen gas absorb sunlight in the K’ band 
(2.2 jum), So Uranus is relatively dark, allowing 
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ing material to be traced very close to the planet 
(Fig. 2), We did not detect the recently discovered 
‘outer ring system (8, 9) because of the relatively 
short exposure time. 

‘The rings show substantial changes from the 
lit side (Fig. 3). The e ring’s pericenter was 
oriented near the northem tip or “sansa” in all 
three epochs, The © ring is namowest at peri- 
center, so its smaller area results in a brightness 
‘minimum. This allows easier characterization of 
the (much fiinter) inner rings. Because the € 
‘ring’s southem tip was ~2.5 times as bright as in 
2004, and 4 times as bright as in 2006 (6), we 
focus our discussion here on the northem tip of | 
the rings, 

The radial extent of the rings appears much 
smaller in 2007, The e ring, the doniinant feature 
in observations before 2006 (7-13), is complete- 
ly absent. This ring had begun to fade in 2006 
(Fig, 3). In May 2007, the brightest part of the 
‘ing system is a feature refimred to as the ¢ ring 
(U4), WChas remained ambiguous whether this 
feature is related to the faint band of dust, R/1986 
U 2, which was seen in a single Voyager image. 
‘The ring system is also exceptionally bright near 
‘ing 1, which was already the brightest region on 
the northem ansa in 2006 (Fig. 3). 


Fig. 3. Comparison of the lit and unlit sides of the rings of 
Uranus, (A) The lit side in early uly 2004, when the angle B 
° and the ring opening angle B, to the Sun = 
13.2° (5). (B) The lit side on 1 August 2006 when B = 3.6° 
*. (C) The unlit side on 28 May 2007 when B = 
0.7° and B, = 2.0°, The dotted lines show the position of 
tings e (top tine) and ¢ (bottom tine). The pericenter of e 
about the eleven 
‘o'clock position in 2004, and was at about the two o'clock A 


to Earth = 1 


and B, = 5. 


was near the tip of the ring in 2006, was 


position in 2007, 


Radial scans through the images (Fig. 3) 
show that the € ring has been fading rapidly year 
by year (Fig. 4A). The ¢ ring, on the other hand, 
increased in brightness by a factor of ~2.5 be- 
tween 2004 and 2006, as is expected for an 
‘optically thin ring. Overall, most rings interior to 
© brightened between 2004 and 2006, though 
‘only by a factor of ~1.5 at most (6). Our 2007 
profile differs markedly. On the unlit side of the 
‘optically thick main rings (4, 5, 6, a, Bn. ¥. 8, 
and ©), the only detectable light is that which 
either gets transmitted through from th lt side or 
isreflected from the ring’s edge. Thus, these rings 
essentially disappear, and the reflectivity will be 
dominated by light scattered through optically 
thin regions of the system. 

‘A detailed comparison of the profiles (Fig. 
4A), however, is complicated by the fact thatthe 
2007 profile is edge-on, so all the rings are su- 
pemposed atop cach other. To extract the radial 
distribution from these scans, we have applied an 
“onion-peel” deconvolution to the 15-pixel-wide 
scans (Fig. 2, red profiles). This technique has 
been successfully applied to a variety of rings in 
the past (5, 15, 16). Stating from the outer edge, 
the intensity of the outermost zone is determined 
tnd subtracted from the entire scan, afler which 


July 2004 B 
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the intensity of the next zone inward is deter- 
mined, and so on, 

‘The deconvolved profile from 2007 (Fig. 4B) 
is compared with the 2004 data and a much finer 
resolution profile obtained by Voyager (6). This 
backscattered geometry emphasizes the larger 
‘€l-cm) bodies within the system, We describe 
lighting geometry by the phase angle 6, the Sun- 
target-observer angle, which is near zero forall 
Earth-based observations, The profile from 2004 
isa close match to the Voyager data, except for 
its coarser resolution. The 2007 profile, how- 
‘ever, looks very different, The brightest feature 
is now ring 1, followed closely by the broad, 
inner ring 

Our observations probe optically thin sheets 
‘of material, Elsewhere in the solar system, opti- 
cally thin rings are almost always dominated by 
micron-sized dust, so we may be seeing faint dust 
clouds surrounding the main rings of Uranus. 
Dust can be distinguished from larger bodies be~ 
cause it is strongly forward scattering. When 
‘Voyager passed Uranus and looked back toward 
the Sun (high 9), extensive lanes of dust were 
seen throughout the system (Fig. 4C). One other 
image taken near Voyager's RPX detected a faint, 
interior ring R/1986 U 2, 


‘August 2006 


Distance (10 km) 
Fig. 4. (A) Radial profiles through the northem ansa of the main ring C 3 


system (from Fig. 3). (B) Comparison of the deconvolved (i.e, onion- 
peeled) radial profile of 2007, averaged over both north and south 
; smoothed radially over ~650 km), with the northern 
profile from 2004 (cyan tine) and the Voyager profile in backscattered 
light (black line). We shifted the Voyager © ring to match the Keck 
profile, compensating for its large eccentricity. The left y axis shows 
the H/F normal to the ring plane of the 2007 profile. The right y axis, 
shows the measured 1/F for the 2004 data. The scale for the Voyager 
data is arbitrary (and off-scale for ©). (C) Comparison of the 
deconvolved radial profile of 2007 (red line; scale on left y axis) 
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with the Voyager profile in forward-scattered light from image 
26852.19 (black line; scale on right y axis) and the Voyager profile of the R/1986 U 2 from image 26846.50 (blue line; scale on left y axis). The 
Voyager data were smoothed to match the Keck pixel size. 
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‘The Voyager profiles (Fig. 4, B and C) look 
‘very different from ours, buta few features clear- 
ly correspond to known rings, Stellar occultations 
hhave revealed that two urunian rings have broad, 
‘optically thin components (/7): Ring n has a $5- 
‘km outward extension and ring 6 has a 12-km 
inwand extension, The  ring’s extension pro- 
‘vides a natural explanation for its rapid growth in 
brightness as B decreases. Funhermore, Fig. 4C 
shows a subtle inflection closely aligned with 
ring 8, suggesting that its optically thin com- 
panion is glowing brighter at small B. Ring 
illustrates how a dusty ring should appear in 
our data (Fig. 4), It is visible but at a level 
about 150 times as faint as that in the high- 
phase Voyager image. Such a ratio is com- 
‘patible with the typical light-scattering proper- 
ties of micron-sized dust. A broad feature at 
43,000 km (from the center of Uranus) could 
also be related to dust seen by Voyager, but this 
feature remains somewhat ambiguous in our data 
because it was only detected on the south ansa 
(Fig. 2), 

Many of the other ring components are 
difficult to reconcile with known rings. If such 
features are long-term members of the system, 
then they somehow escaped detection. Consid- 
cr the region near 45,000 km, which is nearly 
devoid of dust according to Voyager but is 
about half as bright as the n ring in our profil. 
‘One can devise an optically thin, backseat- 
tering population that fits the data, but ex- 
tensive imaging by Voyager revealed no such 
population, 

Even stranger is the ring, which shifted 
radially from the Voyager epoch to the present. 
Because of the different phase angles, one can- 
‘not make any conclusive inferences about the 
paiticle sizes. Nevertheless, we require a broad, 
‘backscattering population centered at 40,000 km 
from the center of Uranus and an overlapping, 
stightly less backscattering population shifted 
inward by several thousand kilometers. Such an 
explanation seems rather ad hoe, and it is dif= 
ficult to understand how particles of slightly dif- 
ferent sizes and scattering properties could 
become spatially segregated. 

A simpler altemative is that the faint ma- 
terial we see is indeed dust but that its radial 
distribution has changed since 1986, in fact 
‘much more dramatically than was suggested a 
year ago (7). One usually assumes that ring 
Systems are static, but we now have several 
counterexamples, At Satum, the D ring has 
changed substantially from the Voyager epoch 
(1980-1981) to the present (18), and the F 
ring also shows numerous changes (19). At 
Neptune, the pattem of dusty ares in the 
‘Adams ring is very different now as compared 
‘with that trom Voyager's first images in 1989 
(20, 21), We conclude that changes in dusty 
rings over ~20-year time scales are common. 
‘The changes seen in Uranus’ ring system, how- 
ever, are much larger in scale than anything seen 
previously. 
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(Changes over yearto-decade time scales are 
‘dynamically plausible because the dust popula- 
tions that we see represent extremely tiny 
“amounts of material, and the orbits of small dust 
grains evolve rapidly in response to nongravita- 
tional forces (€-., Poynting-Robertson and plas- 
ma drag, Lorentz forces) (22). The rings were 
‘once expected to representa steady state between 
dust creation and removal processes. However, 
we now realize that these states are far from 
steady and may be dominated by infrequent 
events, such as large impacts, that inject highly 
visible quantities of dust, as has been discussed 
for Satum’s A ring (23). 
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Probing Quantum Commutation Rules 
by Addition and Subtraction of Single 
Photons to/from a Light Field 


Valentina Parigi,? Alessandro Zavatta,” Myungshik Kim,” Marco Bellini™** 


‘The possibility of arbitrarily “adding” and “subtracting” single photons to and from a light field may give 
access to a complete engineering of quantum states and to fundamental quantum phenomena, We 
experimentally implemented simple alternated sequences of photon creation and annihilation on a 
‘thermal field and used quantum tomography to erty the peculiar character ofthe resulting light states In 
particular, asthe final states depend on the order in which the two actions are performed, we directly 
observed the noncommutativity ofthe creation and annihilation operators, one of the cardinal concepts of 
quantum mechanics, at the basis of the quantum behavior of light. These results represent a step toward 
the full quantum control of afield and may provide new resources for quantum information protocols. 


lassically, the operation of determinist- 

cally adding an object toan ensemble and 

then subtracting another leaves the statis- 
tics unaltered, as long as all the objects are iden- 
tical. The probability distribution would just shift 
by one unit toward larger values when one object 
is added and then shift back to its initial position 
when another is extracted. For an ensemble of 


identical quantum panicles, however, the situs- 
tion may be different. For example, if the par- 
‘icles were photons in a single-mode radiation 
field, one would naturally use the bosonic ere- 
ation and annihilation operators a! and 4 to per 
form the addition and the subtraction of single 
‘photons o and from the light field. Indeed, forthe 
‘general case of a quantum light field described by 
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a density matrix, there is a broad consensus in 
calling the resultof the application ofthe creation 
(annihilation) operator, dpa (dj, the “photon- 
added” (“subtracted”) state, after proper normal- 
ization. This tendency derives from the fact that, 
When the photon creation operator a? acts on a 
state with a well-defined number 1 of photons 
{also called Fock or number state, and denoted 
by [n)), itincreases this number by one: 
an) = VF An + W) (0) 
Conversely, when the photon annihilation 
Copersior d acts on the same state, it subtracts a 
‘quantum of excitation, thus reducing the number 
‘of photons in the state by exactly one (J, 2) 


@) 


an) = Van 1), 


‘When the inital number of particles is prec 
ly known, the quantum and the classical eases give 
‘exactly the same results for arbitrary sequences of 
additions and subtractions. However, the situation 
changes completely for general superpositions oF 
mixtures of Fock states. After the operation of 
particle subtraction, the average number of quan- 
tum particles in certain states may unexpectedly 
‘grow instead of diminishing, as one would be 
naturally tempted to expect (2). Furthermore, 
adding one particle to the system by a creation 
‘operator and then, immediately afte, subtracting 
another by an annihilation operator would lead to 
4 final probability distribution of the ensemble 
completely different from the initial one. Al- 
though counterintuitive, this behavior is not un- 
physical and does not put energy conservation at 
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Fig. 1. Schematic of the sequence of modules 
representing specific quantum operators acting on 
2 quantum tight field (denoted by its density 
matrix jp). A, module for single-photon creation 
(denoted by a') is placed between two modules for 
single-photon annihilation (denoted by. The final 
state bau is conditionally prepared and analyzed 
by the homodyne detector whenever a specific se- 
‘quence of “clicks” arrives from the modules and is 
passed on by the logic circuit (O. Single-cick 
‘events herald the production ofa “photon-added” 
cor “photon-subtracted” state. Double-click events 
herald the production of a quantum state that has 
undergone the sequence of photon addition and 
subtraction or vice versa. Double photon-subtraction 
events arent considered inthe present experiment. 
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stake: It simply derives from the misleading im- 
plicit assumption that a deterministic addition and 
subtraction of particles can be represented by the 
creation and annihilation operators which, on the 
contrary, work in a probabilistic way. 

For light, itis straightforward to show thatthe 
operation of photon addition always produces a 
nonclassical light state (3-6), whereas photon sub- 
traction gives a final nonclassical field only ifthe 
original one was already nonclassical (7,8). Apart 
from the particular case of Fock states, and in an 
apparent contrast to the classical situation, the se- 
uence of photon creation and annihilation always 
creates a state different from the original one. Fur- 
thermore, due to the noncommutativity of 6? and 
4 (ic, [acd] 4 0), the reverse sequence of op- 
erators is expected to produce another state that is 
different from both, as i 1 

A thermal state is the most classical state of 
light, formed by a statistical mixture of coherent 
states. Its density matrix is diagonal in the Fock 
state basis and, accordingly, exhibits no phase de- 
pendence. It can thus be completely described 
in terms of its photon number distribution. The 
addition and subtraction of a single photon from 
the spatiotemporal mode containing the thermal 
light state can be performed in a conditional way. 
that is, by producing the target photon-added or 
-subtracted state only upon the positive outcome 
of a separate measurement. In particular, the con- 
trolled addition ofa single photon can be realized 
by the conditional stimulated parametric down- 
conversion in a nonlinear optical crystal (3-5), 
‘When an ultraviolet pump photon interacts in 
the crystal, it may spontancously decay into two 


REF 


‘quantum-mechanically entangled infrared (IR) 
photons traveling along different directions (con- 
serving the total momentum) and with energies 
that sum up to that of the parent photon. When 
‘one of the two IR photons (the so-called trigger 
photon) is detected along a particular direction 
with a given energy, the spatial properties and the 
energy of the other are also unambiguously de- 
termined. If one injects a seed light field into the 
cerystal, then stimulated emission may occur into 
the same mode, and the detection of the trigger 
photon now indicates the conditional generation 
‘of the photon-added seed state in a well-defined 
spatiotemporal mode, 

‘The implementation of photon subtraction im 
plics the controlied reflection of a single photon 
‘of the right mode by a beam spliter(7). A “click” 
in an on/off photodetector placed in the reflect 
path indicates the successful subtraction of a sin- 
gle photon from the input field, It can be explicit 
ly proven that the above procedures for conditional 
single-photon addition and subtraction from a ight 
field are faithful implementations of the photon 
creation and annihilation operators Gt and @ for 
sufficiently low crystal parametric gain and beam- 
splitter reflectivity (2). Combining single-photon 
addition and subtraction by such methods con- 
stitutes a much harder experimental challenge 
because it requires a perfect matching of all the 
involved field modes and implies a double con- 
ditioning, with a much lower success rat, to pre- 
pare the final light state 

To perform the two operations in two separate 
sequences, we have combined three different mod- 
ules, cach implementing the action of a specific 


Fig. 2. Experimental setup. Pulses at a wavelength of 786 nm are emitted at a repetition rate of 82 MHz 
from a mode-locked picosecond Ti:sapphire laser. They are spit by a high-transmission (HT) and a high 
reflectivity (HR) beam splitter to serve as (9 the pump for parametric down-conversion in a 3-mm-thick, 
‘ype! beta-barium borate (BBO) crystal after frequency-doubling in a lithium triborate (LBO) crystal; Gi) 
the seed thermal fied, after scattering off a rotating ground glass disk (RD) and spatial cleaning by a 
single-mode optical fiber (not shown); and (i the local oscillator field for balanced homodyne detection 
(HO) after mixing withthe investigated states in a 50% beam splitter (BS). Fis a combination of spectral 
and spatial filters made of a pair of etalon interference filters with a narrow (50 GH2) spectral width, and a 
single-mode optical fiber directly connected to an on/off photodetector (Perkin-Elmer SPCM AQR-14, 
denoted by a"). Pairs of half-wave plates (./2) and polarizing beam spliters (PBS) serve to implement the 
photor-subtraction modules together with fiber-coupled on/off photodetectors (denoted by 4). 
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{quantum operator on the light state (Fig. 1), Two 
combinations of half-wave plates and polarizing 
beam splitters, together with on/off photodetee- 
tors in the reflected channel, form the photon 
subtraction modules that are placed in the path of 
the thermal light field, respectively before and 
after the parametric erystal that, with the on/oft 
photodetector in the trigger channel, forms the 
photon addition module. By rotating the two half 
‘wave plates, we can control the beam-spiter re- 
flectvites to altemately switch off one orboth of 
the subtraction modules. Then, by choosing the 
‘right combination of clicks coming from the mod 
tule detectors, we can select the desired quantum 
‘operation, or any sequence of them. A single click 
simply conditions the generation of a photon- 
added or photon-subtracted thermal state, whereas 
a double click can either produce a first-subtrcted- 
then-added thermal state or vice versa, depending 
‘on the combination of clicks. We use a synchno- 
‘nized, ultrafist, time-domain, balanced homodyne 
detector (9) to analyze the conditionally prepared 
states by repeatedly measuring their electric field 
quacratures and building up quadrature distribu- 
tions. The reference field (usually named “local 
oscillator”) for the homodyne measurements 
‘comes from the same picosecond pulsed laser, 
hich provides the thermal seed field and, once 
frequency-doubled, the pump pulses forthe para- 
‘metric crystal (Fig. 2). Asthe generated states are, 
by construction, phase independent, we have ac- 
quired about 10° quadrature measurements per 
state, leaving the phase of the local oscillator un 
locked. As the combined action of addition and 
subtraction is rather rare (with only about 10 
double-click events every second), a full quadra- 
‘ure distribution may take up to S hours to acquire 
in such cases. 

‘We have first measured the unperturbed ther- 
‘mal Light field, then the state resulting from single~ 
photon addition, single-photon subtraction, and 
from both the adition-subtraction and subtraction- 
addition sequences. Figure 3 shows the experi- 
‘mental quadrature distributions for all the states, 
‘obtained from an inital thermal distribution with 

7 = 0.57, together with the curves calculated 
‘while keeping all experimental inefficiencies into 
account (2), Next to them, the corresponding pho- 
ton number probability distributions are plotted 
as theoretically calculated and as reconstructed 
from the experimental data by means of an itera- 
tive maximum likelihood algorithm (0-12), cor- 
recting forthe finite detection efficiency (2). 

‘The first interesting result appears when com- 
paring the mean photon numbers of the states: 
For the photon-added state one finds, quite na- 
turaly, that the mean photon number is larger 
than in the original thermal light state, but un- 
‘expectedly the same result occurs for the photon 
subtracted state, The operation of removing one 
photon from the field has increased (doubled) its 
final mean photon number. Such an increase also 
takes place for the sequence of operators that 
should intuitively bring the field back to the 
inital state, 
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Fig. 3. Experimental quadrature distribution histograms and theoretical curves (superposed solid tines) 
for (A) the original thermal state; (B) the photon-subtracted state; (C) the photon-added state; (D) the 
photon-added-then-subtracted state; (E) the photon-subtracted-then-added state, The second column 
shows the corresponding theoretical (red bars) and experimentally reconstructed (oid circles with error 
bars) photon number distributions. States resulting from a final photon addition present a very small 
vacuum contribution, which makes them highly nonclassical The residual vacuum term derives from 
imperfections in the preparation ofthe states and is satisfactorily accounted for by the theoretical model 
2). The mean phaton number in the states also shown as calculated from the reconstructed distributions, 


The experimentally reconstructed density 
matrix elements forthe states have then been used 
to obtain their corresponding Wigner functions 
(WFs) (/3). Quasi-probability distributions fully 
deseribe the state of a quantum system in phase- 
space (the space spanned by two orthogonal 
‘quadratures of the electromagnetic field for a 
single-mode state of light, as in this case) in the 
same manner as a positive-definite probabil 
distribution characterizes a classical system. 
‘The negativity of the WF is indeed a good in- 
dication of the highly nonclassical character of 
the state. 

A clear negativity of the reconstructed WF 
(which survives even without comecting for de- 
fection losses) is obtained in all the cases where 
Photon addition isthe last operator acting on the 
states, thus showing their high degree of non- 
<classicality. However, the WFs of states resulting 
from the two sequences of addition and subtrac- 
tion show other interesting features (Fig. 4). The 


‘wo final states are different from each other and 
from the original thermal state. In both cases, the 
WF exhibits a clear central dip, which is absent in 
‘the WF of the thermal field; such a dip reaches 
negative values for the subtract-then-add se- 
‘quence, whereas it stays well in the positive re- 
ion forthe add-then-subsract sequence (14), This 
[provides a direct experimental verification of the 
noncommutativity of the quantum bosonic cre 
ation and annihilation operators and gives a visu 
ally convincing demonstration that a simple view 
of classical particle addition and subtraction is 
incorrect in this case. The noncommutativity of 
‘bosonic annihilation and creation operators is at 
the basis of many “weird” quantum phenomena 
Of light. The mere existence of a vacuum field 
(Qwith spontaneous emission, the Lamb shift, or 
the Casimir effect as some of ts main manifesta- 
tions) isa direct consequence ofthis, Furthermore, 
the difference in the resulting states obtained by 
applying noncommuing quantum operators in re- 
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Fig. 4. Experimental WEs (corrected for detection inefficiency) for (A) the original thermal state; (B) the 
‘photon-added-then-subtracted state; (C) the photon-subtracted-then-added state. (D) presents sections of 
the above Wigner functions (black squares correspond to the thermal field; red circles and blue triangles 
correspond to the photon-added:-then-subtracted and the photon-subtracted-then-added states, respec- 


tively), together with the corresponding theoretical predictions (solid curves) (2). 


Verse order, sin this case, isthe real essence of 
the Heisenberg uncertainty principle. Besides 
its fundamental importance, the experimental 
implementation of such a sequence of basic 
‘quantum operations is an essential tool for the 
full-scale engineering of a quantum light state 
‘optimized for a multitude of different tasks (75), 
including robust quantum communication. As 
any quantum operation, including non-Gaussian 
‘operations, is composed of photon additions and 


subtractions (i, itcan be expressed as f(4.a")), 
‘our experimental results constitute a step toward 
the full quantum control of a field and the gen- 
eration of highly entangled states (76). 
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Symmetrized Characterization of 
Noisy Quantum Processes 


Joseph Emerson," Marcus Silva,’ Osama Moussa,”* Colm Ryan,”* Martin Laforest,’* 
Jonathan Baugh,” David G. Cory,* Raymond Laflamme™** 


‘A major goal of developing high-precision control of many-body quantum systems is to realize 
their potential as quantum computers. A substantial obstacle to this is the extreme fragility of 
‘quantum systems to “decoherence” from environmental noise and other control limitations. 
Although quantum computation is possible if the noise affecting the quantum system satisfies 
certain conditions, existing methods for noise characterization are intractable for present 
multibody systems. We introduce a technique based on symmetrization that enables direct 
‘experimental measurement of some key properties of the decoherence affecting a quantum system. 
‘Our method reduces the number of experiments required from exponential to polynomial in the 
‘number of subsystems. The technique is demonstrated for the optimization of control over nuclear 
spins in the solid state. 


‘uantum information enables efficient 
solutions to certain tasks that have no 
known efficient solution in the classical 
‘world, and it has reshaped our under- 


standing of computational complexity. Hamessing 
the advantages of the quantum world requires 
the ability to robustly control quantum systems 
and, in particular, counteract the noise and deco- 
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herence affecting any physical realization of quan 
tum information processors (QIPS). A pivotal step 
in this direction came with the discovery of quan 
tum ermor correction codes (QECCS) (1, 2) and 
the threshold theorem foe fault-tolerant (FT) quatn- 
tum computation (3-6), To make use of quantum 
‘error correction and produce faulttolerant pro 
tocols, we need to understand the nature of the 
‘noise affecting the system at hand, There is a 
direct way to fully characterize the noise using a 
procedure known as process tomography (7-9). 
However, this procedure requires resources that 
‘grow exponentially with the numberof subsystems 
(usually two-level systems called “qubits") and 
js intractable for characterizing the multi-qubit 
‘quantum systems that are presently realized 
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(0-12), We introduce a general symmetrization 
‘method that allows for direct experimental char- 
acterization of some physically relevant features 
ff the decoherence and apply it to develop an 
efficient experimental protocol for measuring muli- 
qubit correlations and memory effects in the noise. 
‘Compared with existing methods (/3), the pro- 
tocol yields an exponential savings in the rumber 
Cf experiments required to obisin such informa- 
tion. In the context of applications, this infor- 
mation enables optimization of erroe-comection 
strategy and tes of some assumptions underlying 
estimates of the FT threshold Moreover, the 
estimated parameters are immediately relevant 
for optimizing experimental control methods 
Focusing on a system of 1 qubits, a complete 
description of a general noise model A requires 
0(2"") parameters. Clearly an appropriate 
coarse-graining of this information is required; 
the challenge isto identify efficient methods for 
estimating the features of practical interest. The 
method we propose is based on identifying a 
‘symmetry associated with a property of interest, 
and then operationally symmetrizing the noise 
to yield an effective map A, with a reduced 


Fig. 1. Schematic of coarse-graining by symmetriza- 
tion, Averaging the noise A by twiting under a sym 
‘metry group yields an effective noise process that has 
2a reduced number of independent parameters. Distinct 
symmetrization groups [represented by (a) red and (b) 
blue] uniformize different subsets of parameters. 


Table 1. Summary of experimental results. The fist four sets of experiments 
(three sets on the two-qubit liquidstate system and one on the three-qubit 
solidstate system) were designed to characterize the performance of the 


number of independent parameters reflecting 
these properties (Fig. 1). This symmetrization 
is achieved by conjugating the noise (Fig. 2) 
with a unitary operator drawn randomly from the 
relevant symmety group and then avenging over 
these random trials (/4-18). We show below 
that rigorous statistical bounds guarantee that the 
‘number of experimental tials required is inde- 
pendent of the dimension of the group. Hence, 
‘our randomization method leads to efficient par- 
tial characterization of the map A whenever the 
group elements admit efficient circuit decom- 
Positions. 

We apply this general idea to the important 
problem of estimating the noise parameters that 
‘determine the performance of a broad class of 
QECCs and the applicability of certain assump- 
tions underlying FT thresholds. In goeral, QECCs 
Protect quantum information only against cer- 
tain types of noise. A distance21 = 1) code 
refers to codes that correct all errors simulta- 
neously, affecting up to ¢ qubits. Hence, the 
distance of a QECC determines which terms 
in the noise will be corrected and which will 
remain uncorrected. The latter contribute to 
the overall failure probability. To estimate the 
failure probability, many fault-tolerance theo- 
ems assume that the noise is independent 
from qubit to qubit or between blocks of 
‘qubits. Another common assumption is that 
the noise is memoryless and hence Markovian 
in time. Our protocol enables measurements 
Of these noise correlations under a given ex- 
perimental arrangement without the exponen- 
tial overhead of process tomography. This 
Protocol is efficient also in the context of an 
ensemble QIP with highly mixed states (/9), 

We start by expanding the noise operators in 
the basis P; © P., consisting of n-fold tensor 
Product of the usual single-qubit Pauli operators 


{1,4 ¥Z} satisfying the orthogonality relation 
THR, Pi] = 2" & The Clifford group Cy is 
defined as the normalizer of the Paul group P,: 
it consists of all elements U; of the unitary group 
U2”) satisfying UPU] © P, for every P,€ P,. 
‘The protocol requires symmetrizing the channel 
A — X by averaging over tials in which the 
channel is conjugated by the elements of Cy 
applied independently to each qubit (Fig. 2). An 
average over conjugations is known as a “twit” 
(20), and we call the above a C,@*-twirl. 

Separating out terms according to their Pauli 
‘weight w, where w € {0,002} is the number of 
nonidentty factors in Py, letting the index v4, € 
1, os (Q)} count the number of distinct ways 
that w nonidentty Pauli operators can be dis- 
tributed over the m factor spaces, and the index 
B= ite on fae} With € (1,2, 3 } denote which 
‘of the nonidentity Pauli operators occupies the 
7" ovcupied site, we obtain (see SOM text) 


——. ,aiGl 


Alp) = EE tae Private Pare 


a) 


where the reduced parameters ryao are fixed 
by A and py = 3° XC, Fxy are the probe 
bilities of w simultaneous qubit emory in the 
noise. Some intuition about how a Cr*-twirl 
simplifies the task of noise characterization is 
‘obtained by analyzing the case of a single qubit 
(SOM text. 

‘To measure these probabilities, we probe A 
with input state 0) = | )%, followed by a pro- 
jective measurement of the output state in the 
basis). This yields an n-bit string /€ {0, 1)". 
Let gy, denote the probability that a random 
subset of w bits of the binary string / has even 

This gives the cigenvalues of A as cy 
e-%. = 1, and we obtain pry = Ty Qe eye 


Fig. 2. Quantum circuit. 


One experimental run 
consists of a conjugation 


of the noise process A. 


The standard protocol 
‘requires conjugation on- 
ly by an element C, 


‘whereas the ensemble protocol requires corjugating A alo by a permutation x, of the qubits. The stan- 
dard protocol requires only one input state | 0)°", whereas the ensemble protocol requires n distinct input 


operators Pye 


protocol under engineered noise. The final two sets demonstrate characteriza~ 
tion of the (unknown) natural noise affecting the quantum memory created by 
multiple pube time-suspension sequences with different pulse spacings. 


No. System Map description Kraus operators =k Po bs Pe Ps 
wD 
1 CHC; Engineered: p = [0,2,0). Ae 2) 288 0.000 O.9SITRERE 0.00985 > 
2 CHC, Engineered: p Wz) 288 0.001739 —0.008°3.28 §—0. 9967.00 - 
3 cual, Engineered: p = (eli, +20} 288 0.254-S8i © ags-St 2507888 <i 
4 GHiO, Engineered: p= (01.0.0) $2) 432 0.0Ise; 0.99705 0.01736 o.oo" 
5 GH,0,, Natural Noise @) ‘unknown 432 0.447505 0.4573 ts 0.1075 s3 0.0175 o: 
6 GHA0s Natural Noise (i) unknown 432 0.847353 0.157353 0.0108 0.00"? 8 
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where the matrix Q:1,, is a matrix of com- 
binatoril factors (SOM text). If in each single 
shot experiment, the Clifford operators are 
chosen uniformly at random, then with K = O 
[log(2n¥6"] experiments we can estimate each 
Of the coelficients ¢, to precision 8 with con- 
stant probability. All imperfections in the pro 
tocol contribute to the total probabilities of 
error, The protocol can be made robust against 
imperfections in the input state preparation, 
measurement, and twirling by factoring out the 
values ¢,(0) measured when the protocol is per- 
formed without the noisy channel: ¢y —* 2 ~ 
6 ylen(0). 

‘The c, can be applied directly t test some 
Cf the assumptions that affect estimates of the 
fault-tolerance threshold (2/, 22). In particular, a 
noisy channel with an uncorrelated distribution 
Cf error locations, but with arbitrary correlations 
inthe error type, is mapped under our symmetri- 
zation to a channel that is a tensor product of 
single-qubit depolarizing channels. A- channel 
satisfying this property will exhibit the scaling 
y= e}. Hence, observed deviations trom this 
scaling imply a violation of the above assump- 
tion, However, there are correlated error models 
that also give rise to this sealing, so the converse 
implication does not hold. 

Furthermore, we can test for non-Markovian 
properties. by repeating the above scheme for 
dlistint time intervals mrt with inereasing m. If, 
‘over the time scale t, the noise satisfies the 


925 040 


02 


Markovian semigroup property A, ° Ae =A; 
(23), then so will the twiried mapA, ° A, = Are. 
Consequently, the coefficients cnr) measured 
‘over the time-scale mrt will satisfy ¢, (mt) ~ 6,2)" 
‘Observed deviations from this scaling imply 
‘non-Markovian effects in the untwiried noise. 
However, again the converse does not hold: 
‘consistency with this scaling does not guarantee 
that the untwired noise obeys the Markovian 
semigroup property. 

‘When applying {c,} to estimate {p,, the 
statistical uncertainty forp,. grows exponentially 
with w (SOM tex). This still allows for charac- 
terization of other important features ofthe noise. 
Specifically, the probability py is directly related 
to the entanglement fidelity of the channel, so 
this protocol provides an exponential savings 
‘over recently proposed methods for estimating 
this single figure of merit (16, 24, 25). (For 
another approach, see (/7)}. Hence, by actually 
implementing any given code, we can bound 
the failure probability of that code with only 
Olog(2ny8"] experiments and without mak- 
ing any theoretical assumptions about the noise. 
Moreover, on physical grounds, we may expect 
the noise to become independent between quibits 
‘outside some fixed (but unknown) scale b, after 
Which the p,, decreases exponentially with : 
The seale b can be determined efficiently with 
O(a") experiments. 

Although characterization of the twirled 
channel is useful given the relevance of twirled 
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Fig. 3. Results for py from experiments 5 and 6 
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in Table 1. Shown are projections of the four- 


dimensional likelihood function onto various probability planes. The asymmetry seen in some of the 
confidence areas is a result of this projection. The results for one cyte with 10 us pulse spacing 
{experiment 5) are in red, and the results for two cycles with 5 ys spacing (experiment 6) are in blue. 
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channels in some faulttolerant protocols (22), 
the failure probability of the twirled channel 
‘ives an upper bound to the failure probability 
‘of the original untwirled channel whenever the 
performance of the code has some bound that is, 
invariant under the symmetry associated with 
the twirl This holds quite generally in the con- 
text of the symmetry considered above because 
the failure probability of a goneric distance2r- 1) 
‘code is bounded above by the total probability of 
‘error temns with Pauli weight greater than 1, and 
this weight remains invariant under conjugation 
by ay Ceci 

Our protocol is efficient also in the context 
‘of an ensemble QIP (19), We prepare deviations 
from the identity state of the form py = Z°" @ 
18, with woe {1, ... a}; hence, the (non 
scalable) preparation of pscudo-pure states is 
avoided, AS illustrated in Fig. 2, the ensemble pro- 
‘tocol consists of conjugating the process A—> A, 
with a randomly chosen pair (Cr, in each run, 
Where m, is a random permutation of the qubits. 
For input operator p,. the output is 25, Ai,(Py.). 
Averaging the output operators a, over / ands 
retums the input operator scaled by c. 

‘We performed an implementation ofthe above 
‘protocol on both a two-qubit (chloroform CHCl) 
liguid-state and a three-qubit (single-crystal 
Malonic acid CsH,O,) solid-state nuclear 
magnetic resonance QIP (26). The results of 
these experiments are summarized in Table 1. 
Statistical analysis for one liquid-state set is 
shown in fig. SI and forthe final wo solid-state 
sets in Fig. 3. The final two sets of (solid-state) 
‘experiments were performed to characterize the 
unknown residual noise occurring under (i) one 
eycle of a C48 pulse sequence (27) with 10 js 
pulse spacing, and (i) wvo eycles of C48 with $ 
tus pulse spacing. The C48 sequence is designed 
to suppress the dynamics due to the system's 
intemal Hamiltonian and could be used, for 
‘example, for quantum memory. The evolution 
‘of the system under this pulse sequenee can be 
‘evaluated theoretically by calculating the Mag- 
nus expansion (28) of the associated effect 
Hamiltonian, under which the residual effects 
appear as a'sum of terms associated with the 
Zeeman and dipolar parts of the Hamiltonian, 
including cross terms. Roughly speaking, effec- 
tive suppression of the A" term of the Hami 
tonian takes places when ¥4 %, << 1, where Y is 
the strength of the term and +;' is the rate at 
Which it is modulated by the pulse sequence. 
Generally, shorter delays lead to improved per- 
formance unless there is a competing process 
at the shorter time scale. Although two repe- 
titions of the sequence with the pulse spacing 
of S us has twice as many pulses as the single 
‘sequence with the 10 us spacing, the proba- 
bilities of one-, two-, and three-body noise 
terms all decrease substantially (Table 1). 
However, the averaging under the 5 js falls 
short of ideal performance asa result of in- 
complete (heteronuclear) decoupling of the 
ubits (three carbon nuclei) from the en 
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ronment (nearby hydrogen nuclei) (SOM text) 
For both sequences, the noise coefficients ey. do 
‘not statistically deviate trom the scaling implied 
bby uncorrelated errors (fig. $3), although, as 
noted above, this does not guarantee that the 
certors are uncorrelated. 

Our method provides an efficient protocol 
for the charicterization of noise in contexts 
‘where the target transformation is the identity 
‘operator, for example, a quantum communica- 
tion channel or quantum memory. However, the 
protocol also provides an efficient means for 
characterizing the noise under the action of a 
‘nonidentity unitary transformation. One approach 
is to decompose the unitary transformation 
into a product of basic quantum gates drawn 
from a universal gate set, where each gate in 
the set acts on at most 2 qubits simultancous- 
ly. Hence, the noise map acting on all n qubits 
associated with any two-qubit gate can be 
determined by applying the above protocol to 
other n-2 qubits while applying process 
tomography to the two qubits in the quantum 
‘gale, Another approach is to estimate the aver- 
fage error per gate for a sequence of m gates, 
such that the composition gives the identity 
‘openitor, Such a sequence can be generated by 
making use of the eyelic property U" = 1 of 
any gate in a universal gate set or by choosing a 
sequence of mI random gates followed by an 


‘m™ gate chosen such that the composition gives 
the identity transformation. 
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Nuclei-Induced Frequency Focusing of 
Electron Spin Coherence 


A. Greilich,** A. Shabaev,”#* D. R. Yakovlev, ** AL L. Efros,’t 1. A. Yugova,** D. Reuter,® 


A.D, Wieck,* M. Bayer't 


‘The hyperfine interaction of an electron with the nuclei is considered as the primary obstacle to 
coherent control ofthe electron spin in semiconductor quantum dots. We show, however, that the 
‘nucle in singly charged quantum dots act constructively by focusing the electron spin precession about a 
‘magnetic field into well-defined modes synchronized with a laser pulse protocol. in a dot with a 
synchronized electron, the light-stimulated fluctuations of the hyperfine nuclear field acting on the 
electron are suppressed. The information about electron spin precession is imprinted in the nuclei 

and thereby can be stored for tens of minutes in darkness. The frequency focusing drives an electron 
spin ensemble into dephasing-free subspaces with the potential to realize single frequency 


precession of the entire ensemble. 


he possibility of encoding quantum infor- 

mation in the spins of quantum dot (QD) 

electrons has attracted considerable at- 
tention (/, 2). The spatial confinement protects 
the spins against the primary retaxation mecha- 
‘nismsin bulk, all of which arse from coupling of 
spin and orbital momenta. However, the electron 
hhyperfine interaction with the lattice nucle is en- 
hhanced by confinement, leading to spin deco- 
hherence and dephasing (3-10) and thus posing 
severe difficulties for processing quantum infor- 
‘mation, General schemes for suppressing deco- 
hherence have been discussed already (//). Electron 
spin relaxation in QDs may be overcome by po- 
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larizing the nuclear spins (12, 13), but the high 
degree of polarization required, close to 100% 
(72), has not been achieved yet (14-16). 

‘We find that the hyperfine interaction, rather 
than being detrimental, can be used asa precision 
tool by demonstrating that it modifies the con- 
tinuous mode spectrum of the electron spin pre- 
cession in a QD ensemble into a few discrete 
modes. The information on this digital spectrum 
‘can be stored in the nuclear spin system for tens 
‘of minutes because of the long nuclear memory 
times (17, 18) 

Ina QD ensemble, fast electron spin dephas- 
ing arises not only from nuclear field fluctuations 
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‘but also from variations of the electon x factor, 
leading to different spin procession frequencies. 
The dephasing due to these unavoidable varia- 
tions can be partly overcome by mode-locking. 
(U9), which synchronizes the procession of spe- 
cific electron spin modes in the ensemble with 
the clocking rate of a periodic pulsed laser. Stil it 
leaves a substantial fraction of dephased electron 
spins, whase precession frequencies do not satisfy 
the mode locking conditions, We demonstrate that 
‘the nuclear spin polarization adjusts the electron 
spin precession frequency in each quantum dot 
such that the whole ensemble becomes locked on 
very fow frequencies. 

‘The experiments were done on an ensemble 
‘of self-assembled (In,Ga)ASGaAs QDs (9, 20), 
‘cach dot containing on average a single electron 
(2). The electron spin precession about a per 
‘pendicular magnetic field was studied by a pump- 
probe Faniday rotation (FR) technique with ps 
time resolution (22). Spin coherence is generated 
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by circularly polarized pump pulses with wave 
‘vector parallel to the structure growth axis (zaxis) 
and detected by rotation ofthe linear polarization 
‘of probe pulses. The excitation laser emits pulses 
‘with 1.5-ps duration ata rate of 75.6 MHz, equiv- 
alent to a pulse separation Ty ~ 13.2 ns (see 
sketch in Fig. 1A), The excitation is resonant 
‘with the ground state charged exciton consisting 
of two electrons with opposite spins and a hole. 

‘The top trace in Fig. 1A shows a FR signal of 
the QD ensemble, ereated by a single pump pulse 
train, The signal at positive delays shows a fast 
decay on ans time seale due to dephasing of the 
spin coherence by the ensemble spread of pre- 
cession frequencies. The modulation arises from 
‘neutral exciton contributions (20). The signal at 
negative delays is due to constructive interfer 
‘ence of electron spin procession modes fulfilling 
the phase synchronization conditions (PSC): «0 = 
2nK/T a, where K is an integer (19). 

Much more flexible tailoring of the mode- 
locked distribution of spins is possible through a 
‘svo pump pulse protocol (23). Each pump pulse 
as split into a doublet with a delay T= 1.86 ns~ 
Ta(7 between the two pulses (Fig, 1A). The cor- 
responding FR signal is shown by the middle race 
in Fig. 1A, Excitation by such a pump doublet 


leads to a sequence of FR signal bursts, which 9p- 
pear not only atthe moments of pup pulse arrival 
but also periodically before and afer the pump 
‘doublet with a period equal Tip. These bursts rise 
from constructive interference of modes satisfying 
the two pulse protocal PSC of «0 ~2nK/T (23). 
‘The FR signal pattem created by the two pulse 
protocol is memorized over minutes. One would 
expect that blocking ofthe second pulse in a pump 
doublet would destroy the periodic FR burst pat- 
tem on the y1s time scale of the electron spin co- 
herence time, T, in these dots (19). Only the FR 
signal around the first pump should remain over 
the scanned range of pump-probe delays. Recond- 
ing of the middle trace in Fig. 1 had the sample 
illuminated for ~20 min by the pump-loublet 
train, Immediately after this measurement, the soc- 
cond pump was blocked, and a FR measurement 
using only the single pump train was started (bot- 
tom trace in Fig. 1) beginning from negative 
delays. Contrary to the expectations, the signal 
shows qualitatively all features ofa pump doublet 
protocol. A strong FR signal ("burst 0") appears 
around the delays: where the second pump was 
located. Further signals, denoted burst 1 and burst 
2, also appear. The system therefore remembers 
for minutes its previous exposure to a two pump 
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‘protocol. The decay of the burst amplitude with 
the increasing burst number is duc to the increas 
ing time at which the comesponding signal was 
recorded since switching off pump 2. 

‘We have reconied FR traces in a short delay 
range around burst 0 for different times after clos- 
ing the second pump. In these traces (Fig, 1B), 
we observe astrong FR signal even after 40 min, 
Because no phase shift between the FR traces 
‘occurs, we can record the decay kinetics at a 
fixed delay of 1.857 ns (corresponding to the max- 
imum FR signal) versus time afler switching off 
pump 2 (blue curve in Fig. 1C), The observed dy 
namics can be well described by a bi-exponential 
dependence on elapsed time %, ayexp(-t/t)) + 
azexp(-t/t2), a8 shown by the red line fit to the 
data, from which we get a memory time 1, of 
1 min, while tis 10.4 min. The decay, however, 
critically depends on the tight illumination con- 
ditions. When the system is held in darkness (both 
pumps and probe are blocked), no relaxation O° 
‘curs at all onan hour time scale, This is exem- 
plified by the red circles in Fig, 1C, which give 
the FR amplitude when switching on pump 1 as 
well as the probe after a dark period 1. 

‘We have also examined how fast a two pump 
pulse train creates the periodic burst pattem in the 


Fig. 1. (A) FR traces as function of 
delay time between probe pulse and 
first pump pulse measured on an en- 
semble of singly charged (i, GadAstGaAs| 
quantum dots, The signals were 
scanned from negative to positive de- 
lays. Details of the optical excitation 
protocol are given in the sketch. The 
top trace was recorded for a single 
pump pulse train, For the middle trace 
we used a two pump pulse protocol 
with the second pump delayed by Tp = 
1,86 ns relative to the frst one. The 
lowest trace was taken for a single 


Faraday rotation amplitude 


Omin 


FR amplitude 


pump pulse, Recording started right 
after measurement ofthe middle trace. 
Some times at which the different FR 


178 1.80 
Time (ns) 


1.65 


signal bursts were measured are indi- 
cated, The pump and probe power 
densities were 50 and 10 Wicm?, 
‘espectively. (B) FR signals measured 
‘over a small range of delay times 
around the burst 0 maximum [as indi- 
cated by the box in (A) for different 
times after closing the second pump; 
at the same time, pump 1 and probe 
were always on. () Relaxation kinetics 
‘of the FR amplitude at a delay of 
2.857 ns (maximum of burst 0) as a 


FR amplitude 


function of time after switching off c 


pump 2. Beforehand, the system was 


system hold in dark 


pump 1.0 


FR amplitude 


treated for 20 min by the two pump 
pulse protocol. The blue curve was 
measured with pump 2 blacked at ¢ 


+= 0. The red line shows a bi-exponential time dependence fitted to the data. 
The red circles show the FR signal after keeping the system in darkness for 
different times and then addressing it by pump 1 and probe. (D) The 
kinetics of FR amplitude at the same delay of 1.857 ns when switching at t 
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= 0 from the single to the two pump pulse protocol. The single pump pulse 
‘exposure before the switch lasted for 20 min. For each of the pumps the 
excitation density was 100 Wicm*, The red line is a bi-exponential fit. For 
Tand T= 
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Fig. 2. Scheme of effects leading to the nucei- 
induced frequency focusing ofthe electron spin pre- 
cession modes, The periodic resonant excitation by a 
mode-locked circularly polarized laser synchronizes 
the precessions of electron spins whose frequencies 
satisfy the PSC. Atthe same time, the excitation leads 
to a nuclear rearrangement in those QDs, which do 
‘ot satisfy the PSC, via optically stimulated electron- 
‘nuclear spin flip-flop processes. The rearrangement 
_modifies the electron spin precession frequency such 
that it becomes frozen when the frequency reaches 
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the PSC. (A) Average spin relaxation time of the As 
nuclei versus the electron spin precession frequency 
‘calculated for the single pump (red) and the two 
‘pump (blue) protocols. The spin relaxation time 
‘calculated in Eq. 11 in SOM text was derived by 
using (30, 32). (B) Density of electron spin pre~ 
cession modes in an ensemble of singly 

‘QDs modified by the nuctey, calculated for the single 
‘pump (red) and the two pump (blue) protocols. The 
black tine shows the density of modes before - 
Frequency focusing due to ensemble dispersion of 

electron g factor and nuclear polarization fluctua- 
tion. (Q A closeup of (8) for better visibility of the 
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Fig. 3. (A to C) FR traces for an ensemble of singly charged QDs subject to a single pump pulse 
excitation protocol with pulse area © = x at B = 6 T. (A) FR traces calculated with the density of 
electron spin precession modes unchanged by the nuclei. The ratio of the FR amplitudes before, 
Arey, and after, Apos, the pump pulse shows that only 30% of the electrons are involved in the 
‘mode-locked spin precession, leading to a reduced FR signal at negative delays compared with that 
of positive delays. (B) FR traces calculated with the density of electron spin precession modes 
‘modified by the nuclei. The ratio of the FR amplitudes Ayey/A,., shows that 90% of electrons are 
‘now involved in mode-locked precession. (C) Experimental trace of the FR signal obtained after 
‘extracting the contribution from neutral excitons, which leads to modulation of the FR signal after 
pump pulse arrival (Fig. 1). The experimental ratio Angy/Ayo, confirms that 90% of the electrons are 
involved in the mode-locked precession in our experiment. (D) Calculated ratio of the FR signal 
amplitudes, Ayeg/Azes, with (red) and without (black) including nuclear rearrangement as function 
‘of pump pulse area. (E) Dependence of the relative number of electrons, ngxdi, in a QD ensemble 
‘involved in the mode-locked precession as function of pump pulse area. The same set of parameters 
was used as in Fig. 2. 
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FR signal. For that purpose, the sample was first 
illuminated only by pump 1, and then pump 2 was 
switched on, Both pumps had a power of 100 
Weenr, The rise of the FR signal was measured 
at a FR maximum within burst 1 as function of 
time elapsed after switching on pump 2(Fig. 1D). 
The slow component of this rise, tr is on a 
‘minutes time scale, and it shortens with excitation 
power. 

‘The observed long memory of excitation pro- 
tocol must be imprinted in the QD nuclei, for 
\which Jong spin relaxation times in high mag~ 
etic fields up to hours or even days have been 
reported (24, 25), The nuclei in a particular dot 
must have been aligned along the magnetic field, 
B, through the hyperfine interaction with the elec 
‘on during exposure to the pump train, This aign- 
‘ment, in tum, changes the electron spin precession 
frequency, © = 4 ~ ey, Where 0. = gataB/M ), 
tia is the Bohr magneton, ge is the electron g 
factor, and the nuclear contribution, (0. is pro 
portional tothe nuclear polarization. The slow rise 
‘and decay dynamics of the FR signal in Fig. | 
{indicate that the periodic optical pulse train stim- 
tulates the nuclei to increase the number of QDs 
for which the electron spin precession frequen- 
cies satisfy the PSC for a particular excitation 
protocol, 

‘What is driving the projection of the nuclear 
spin polarization on the magnetic field to a value 
that allows an electron spin to satisfy the PSC? 

The nuclear polarization is changed by 
lectron-nuclear spin flip-flop processes result- 
ing from Fermi-contact hyperfine interaction (26). 
Such processes, however, are suppressed in a 
strong magnetic field because of the energy mis- 
‘match between the electron and nuclear Zeeman 
splittings by about three orders of magnitude. 
Flip-flop transitions, which are assisted by pho- 
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rons compensating this mismatch, have a low 
probability because of the phonon bottleneck in 
(QDs (27, 28). This explains the robustness of the 
nuclear spin polarization in darkness to over an 
hour (Fig, 1C). 

Consequently the resonant optical excitation 
of the singlet trion becomes the most efficient 
‘mechanism in the nuclear spin polarization dy- 
namics. The excitation process rapidly turns 
“off” the hyperfine field of a resident electron 
sting on the nuclei, and the field is subsequently 
tumed on again by the trion radiative decay. 
‘Thereby it allows a flip-flop process during the 
switching without energy conservation. 

‘The nuclear spin-flp rate for this mechanism 
is proportional to the rate of optical excitation of 
the electron, T(). According tothe selection rules, 
the probability of exciting the electron to a trion 
‘by 0° polarized light is proportional to 1/2 + S.(c0), 
‘where §.(c) is the component of the electron 
spin polarization along the light propagation di- 
rection taken at the moment of pump pulse ar- 
rival, Therefore, the excitation rate F(co)~ (1/2 + 
‘S4@)VTa. For electrons satistying the PSC (19). 
S.(o) = -1?2, the excitation probability is very 
low because of Pauli blocking. Because of avery 
long decoherence time, 73, in our QDs, the ex- 
citation rate for these electrons is reduced by two 
orders of muagnitude to 1/73 from I/T + VT for 
the rest of electrons (in our experiments TT, ~ 
200) [Supporting Online Material (SOM) text) 

Because of F(a), the nuclear relaxation rate 
hhas.a strong and periodic dependence on o, with 
the period determined by the PSC of the par- 
ticular excitation protocol: 2r/T. for the single 
pulse tin and 29/7ip forthe double pulse train 
(Fig, 2A). The huge difference in the nuclear flip 
rate explains why ay, «in each QD tends to reach, 
the value allowing the electron spin to fulfill the 
PSC. In QDs with the electron spin not matching 
the PSC, the nuctear contribution to « changes 
randomly bocause ofthe light stimulated nuclear 
fip-lop processes on a seconds time scale. The 
typical range Aes, of this contribution £0 @ is, 
limited by statistical fluctuation of the nuclear spin 
polarization. For the studied (In,Ga)As QDs, Aon 
is on a GHz scale (SOM text) and comparable 
‘with the separation between the phase-synchron- 
ized modes 2n/T ~ 0.48 GHz. As a result, the 
‘nuclear contribution occasionally drives. an 
electron t0 a PSC mode, where its precession 
frequency is virally frozen on a minutes time 
scale. This leads to the frequency focusing in 
each QD and to accumulation of the QDs, for 
‘which electron spins match the PSC. 

‘The frequency focusing modifies the spin pre- 
cession mode density in he QD ensemble (Fig. 2B 
and its closeup in C). Without focusing, the den- 
sity of the electron spin precession modes 
Gaussian with a width 


eo = y/ [Ae .F + bpAgeB/(h)), where Ag. 


is the g factor dispersion. Frequency focusing 
‘modifies the original continuum density to a comb- 
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like distribution. Eventually the whole QD en- 
semble participates in a coherent precession 
locked on only a few precession frequencies. 
‘This suggests that a laser protocol (defined by a 
pulse sequence, width, and rate) can be designed 
to focus the electron-spin precession frequencies 
in the QD ensemble to a single mode. To cal- 
‘culate the spin precession mode density in Fig. 2, 
\we have applied a “box model” (29), in which 
the electron wave function has a finite ampli- 
tude 1/VV inside the QD volume, F; and is zero 
outside (SOM text). 

‘The quantitative appearance of the spin pre- 
‘cession mode density depends strongly on the ex- 
citation protocol. The complex evolution of the 
mode density caused by the switching between 
pumping protocols is described by Eq. 16 in 
(SOM text), Some of its features observed in the 
FR signal can be explained qualitatively. For 
example, the almost instantaneous FR signal rise 
‘when switching from the single to the two pump 
pulse protocol in Fig. 1D can be traced to the 1/7 
fraction of QDs that, afer exposure to the single 
pump pulse protocol, already fulfill the PSC for 
the two pump pulse protocol without any nuclear 
rearrangement (Fig. 2B). In the opposite case 
Of switching from two to single pump pulse 
excitation, almost all QDs, which satisfy the PSC 
before the switch, continue 10 be mode-locked 
aflerward (Fig. 2C). Changes of nuclear spin po- 
larization are suppressed in these QDs, leading 
oa dynamics in the minutes time range (SOM 
text) and explaining the slow FR signal decrease 
in Fig. IC. 

‘The focusing of electrons into PSC modes is 
directly manifested by the FR signals in Fig. 1A, 
because it causes comparable FR amplitudes be- 
fore and after the pump pulses. The calculations 
demonstrate that, without frequency focusing, the 
FR amplitude at negative delays, Apey, docs not 
exceed 30% of the positive delay signal ampli- 
tude, Apos (Fig. 3A). The strong optical pump 
pulses in the experiment address all QDs, and 
their total contribution should make the FR signal 
much stronger after the pulse than before, when 
‘only the mode-locked electrons are relevant. 
However, the nuclear adjustment increases the 
negative delay signal to more than 90% (Fig. 3B). 
This is in agreement with the experimental data 
in Fig. 3C, which show only the electron con- 
tribution to the FR signal. The large value of 
Apeg/pox Confiems that in our experiment almost 
all electrons in the optically excited QD ensemble 
become involved in the coherent spin precession. 
‘The calculations of the intensity dependence of 
the ratio Aoed/Apox Sbow thatthe nuclear focusing 
increases the ratio of electrons involved in the 
‘coherent spin precession to their total number, 
yin, almost to unity, even at low excitation 
intensity (Fig. 3, D and E). 

We have shown that the nuclei in singly 
‘charged QDs exposed to a periodic pulsed exci- 
tation focus almost all the electrons in the en- 
semble into a coherent electron spin precession. 
‘The exciting laser acts as a metronome and es- 


REPORTS f 


tablishesa mbust macroscopic quantum bit, which 
«exist in dephasing five subspaces. This may open 
‘promising perspectives on the use ofan ensemble 
‘of changed QDs with the single electron coher 
‘ence time 7. 
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Late Archean Biospheric Oxygenation 
and Atmospheric Evolution 


Alan J. Kaufman,’* David T. Johnston,” James Farquhar,’ Andrew L. Masterson,” 
Timothy W. Lyons,” Steve Bates,” Ariel D. Anbar,** Gail L. Amold,” Jessica Garvin,* Roger Buick* 
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High-resolution geochemical analyses of organic-rich shale and carbonate through the 
2500 million-year-old Mount McRae Shale in the Hamersley Basin of northwestern Austratia 
tecord changes in both the oxidation state of the surface ocean and the atmospheric composition. 
The Mount McRae record of sulfur isotopes captures the widespread and possibly permanent 
activation of the oxidative sulfur cycle for perhaps the first time in Earth’s history. The correlation 
of the time-series sulfur isotope signals in northwestern Australia with equivalent strata from 
South Africa suggests that changes in the exogenic sulfur cycle recorded in marine sediments 
were global in scope and were linked to atmospheric evolution. The data suggest that 
‘oxygenation of the surface ocean preceded pervasive and persistent atmospheric oxygenation 


bby 50 million years or more. 


he history of Earth-surface oxygenation 

is writen in the geological record of 

redox-sensitive elements preserved in 
ancient sediments. The discovery of large non: 
‘mass-dependent (NMD) $ isotope anomalies 
in Archean and the earliest Paleoproterozoic 
sediments are believed to record changes. in 
atmospheric Os levels, as these result from 
photochemical reactions in a low Os atmosphere 
(-4), To document temporal changes in the 
Magnitude of these isotope excursions, we fo- 
cused on high stratigraphic resolution analyses 
fof onganic-rich shale and carbonate from a 
recently drilled scientific cone (5) through the 
~2500 million-year-old Mount McRae Shale of 
northwestern Australia, Previous studies of the 
Mount McRae Shale identified abundant 2-cr meth- 
_yl hopanioids (6), produced by cyanobacteria that 
most likely generated O3, a8 well as eukaryotic 
sterols (7), which are biomolecules that require 
(0; for their synthesis (8). We investigated the 
time-series history of elemental and isotope 
Variations through the succession and interpreted 
the upper half of the formation as capturing the 
‘oxygenation of the terminal Archean surface 
‘ocean and biosphere, a result further supported 
‘by a companion trace-metals study (9). 

In the present study, a modified online com- 
bbustion method (5, 10) for rapid. analysis of 
‘whole-rock $ and a high-precision fluorina- 
tion technique for analysis of chemically ex- 
tracted sulfide S were applied to samples from 
the core. We used unprecedented, high-resolution 
records (8S, A"S, and AS) in concert with 
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stratigraphic variations in elemental abundances 
[weight percent (wt %) C and S} and ''C com- 
Positions of carbonate and onganic matter to ad- 
dress the cause(s) of fluctuation in NMD effects 
preserved in these ancient sediments. These results 
‘were compared 10 previous study of the Mount 
McRae Shale (//) and to new S isotope data 
from the stratigraphically equivalent Gamohaan 
snd Kuruman Iron formations in South Arica 
(12-14) t evaluate the spatial extent ofthe inter- 
preted events, 

The Mount McRae Shale core intersects 
laminated and well-preserved sediments that 
accumulated in a marine environment below 
the wave base. A regional sequence analysis 
(5) indicates the presence of two depositional 
cycles: each sequence starts in carbonate or 
siliciclastic wrbidite or breccia and deepens 
upwards to either pelagic shale or banded 
ion-formation (Fig. 1). The succession has ex- 
Perienced only mild regional metamorphism 
(prehnite-pumpeliyite facies to <300°C) and 
‘minimal deformation (gentle folding 1 dips 
<S°) (/6), Radiometric age constraints place the 
Mount MeRae Shale very near the Archean! 
Proterozoic boundary (~2500 million years old) 
(9) and just before the disappearance of large 
NM effects that are inferred to mark the rise in 
atmospheric O2 (J-3, 17), 

Geochemical data from the Mount McRae 
Shale (Fig. 1) suggest a tight coupling between 
environmental and biological signals, with a 
substantial transition recorded at ~1S3 m in the 
core. Acid leaching of extractable iron from 
Mount McRae samples indicates that siderite 
dominates in the lower half of the formation, 
which is consistent with the absence of O2 in 
deeper depositional environments. On the other 
hand, calcite isa primary carbonate phase in the 
upper Mount McRae Shale, indicating the 
general absence of soluble iron in the shallow 
\water column at this time. Carbonate and total 
organic C 8'°C values increase progressively up 
the core. Total organic C and total S values are 
high throughout the Mount McRae Shale but 


are notably enriched above the mineralogic tran- 
sition in the interval between 135 and 153 m, 
where up to 16 wt % C and S are observed. In 
the interval between 130 and 135 m, visual 
‘evidence of pyrite nodules, laminations, and graded 
bbeds suggests some degree of sulfide remobiliza- 
tion, which may help to explain the sharp drop in 
total $ abundance in the homogencous-shale 
hhost rock, 

The high-resolution $ isotope record reveals 
‘considerable stratigraphic variation in 8S and 
AS (/8), including substantial bed-to-bed os- 
«illations. In evaluating the time-series $ isotope 
data, the Mount MeRse Shale can be divided 
(19) into a lower unit (>153 m), where 6S and 
A”'S show positive comelation, and an upper 
unit (<153 m), where 8S values become in- 
creasingly negative. OF particular interest is the 
interval above 130 m, where positive A”'S 
values are coupled with negative 84S values; 
this $ isotope relation may record an important 
‘environmental and biological event near the 
Archean’ Proterozoic boundary 

The lower half of the Mount MeRae Shale 
fiom the Archean Biosphere Drilling Project 
(ABDP)-9 core is interpreted to have accunm- 
lated in a deep, anoxic environment insofar as 
sediments are dominated by sideritic shale and 
banded iron-formation (3, 14), The positive 
correlation between 6S and A"'S in the lower 
Mount McRae Shale has been intenpreted as 
cithera primury atmospheric aray (//) or mixing 
‘between atmospherically derived NMD $ with 
mass-dependent terrestrial inputs, This mixing 
‘may well explain the long-term and bed-to-bed 
Variability in $ isotope compositions (Figs. 1 and 
2B), It is difficult to independently assess the 
‘quantitative contribution of terrestrial inputs 
{with 8S and A'S ~ 0 per mil (%o)] relative to 
NMD inputs. However, nonzero values of AS 
(ither positive or negative) must ultimately be 
linked to fluxes of sulfate and elemental S from 
the atmosphere, We interpret the dominance of 
positive 4"'S through this stratigraphic interval 
a indicating the preferential incorporation of 
reduced NMD $ (atmospheric elemental S) into 
marine sediments, probably facilitated by micro- 
bial clemental S reduction. This microbial 
process is capable of transferring the A''S to 
pyrite, while imparting litle to no additional 
isotopic fractionation in 8™'S. Ono et al. (11) 
previously explained variations in NMD signa- 
tures within the Mount McRae strata by physical 
and biological mixing of these atmospheric 
sources. The isotopic similarity (in 8S and 
8"'S) between their core and ours, presently 300 
km apart, points to a basin-scale phenomenon 
linked through atmospheric inputs (20). How- 
ever, rapid bed-to-bed (or even within bed) 
Variability and small differences in the magni 
tude of the positive A“'S excursion probably 
reflect local controls related to variable mixing 
‘of S from distinct surface reservoirs, including 
the deep and shallow ocean as well as temres- 
trial environments. 
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As noted above, the upper half of the 
Mount McRae Shale, which is dominated by 
turbidites of carbonate and shale that accumu 
lated below the storm wave base, is character- 
ized by sulfides with negative 8S values 
coupled with positive AS values (Figs. 1 and 
2A). The 8S and A™S values of these sulfides 
imply microbial sulfate reduction with langer 
isotopic tractionations, which may reflect sulfate 
reduction in the water column (2/), possibly 
coupled with rising sulfite concentrations (22). 
This interpretation is consistent with the high 
‘onranie C contents in sediments above 153 m in 
the core, which are plausibly linked to high rates, 
Of primary productivity that released oxidants 
into the shallow marine environment. On the other 
hhand, the positive A"'S values reflect incor 
poration of reduced photolyic S. To account for 
these two features, we propose that the $ isotope 
signatures. in the’ upper Mount McRae Shale 
reflect the establishment of a widespread and 
possibly permanent oxidative S eycle, perhaps for 
the first time in Earth’s history, in a water column 
‘that was stratified with respect to oxygen (25). 

In the late Archean oceans, O; would accu- 
‘mulate in highly productive regions along con- 


—— 


tinental margins and perhaps to a lesser degree 
in distal settings, where nutrient levels were high 
enough to stimulate oxygenic photosynthesis. 
Possible explanations to account for the isotopic 
observations above 153 m include elemental S 
reducers capable of producing large “S deple- 
tions (an unlikely scenario given the small 
redox change associated with this metabolic 
pathway) oF the activation of microbial dispro- 
Portionation reactions (24). Because the former 
are currently unknown and the latter are not 
clearly evident until the mid-Proterozoic (25), 
Wwe suggest an alternative solution related to 
increases in O, initiated during the productivity 
event recorded in the core above 153 m. In- 
‘organic $ oxidation generally requires high 
levels of dissolved O», whereas microbial S 
‘oxidation, which is thought to be ancient in 
‘origin, would proceed at lower (oF absent) Os 
concentrations but still would require an clec- 
tron acceptor to drive phototrophic oxidation. 
In cither case, the magnitude of isotopic frac- 
tionation associated with oxidation is small 
(26) and unlikely to account for the negative 
8™S values of sulfides in the upper Mount 
McRae sediments, Thus, we propose that the 
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‘sulfate formed through oxidation (with positive 
8" and A™S) was re-reduced by microbial 
sulfite reduction to form sulfides depleted in 
‘8S but retaining positive NMD A'S values 
(Figs. 1 and 2A). 

‘The organic C and S spike between 153 and 
135 m comesponds to an interval where both 
£85 and AS values are typically negative (19). 
Although broadly binned with the upper Mount 
MeRae Shale interval, these sediments provi 
important environmental constraints on a source 
‘of S (with a negative A'S composition) and the 
mechanism for its sink into sediments, Low 
Archean atmospheric O, levels would generally 
limit oxidative weathering, the principal source 
of sulfite to the modem oceans, With rising 
atmospheric Os levels, however, some metals 
and associated $ from terrestrial sources: may 
have been released to the shallow marine 
‘environment (9), but contributions from juvenile 
S (A'S = 0) o preexisting sedimentary sources 
(AS > 0) cannot account for the negative A™'S. 
value of the S from this interval. Thus, a major 
source of sulfite 19 the Archean ocean at this 
time would have been atmospheric in origin and 
would have carried a negative A''S signature 
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Fig. 1. Lithologic and time-series elemental (C and S) and isotopic (SC, Mount McRae Shale are correlated with equivalents in a separate core drilled 


), 85, and A”S) trends in the ~2500 million-year-old Mount McRae 
Shale. Sequence subdivisions are based on (25). Trends in A*5 in the lower 
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some 300 km away from the core in this study (17). VPDB, Vienna Pee Dee 
belemnite; TOC, total organic C; VCOT, Vienna Canyon Diablo Trilite, 
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(J, 4. In keeping with previous arguments for 
‘Archean seawater sulfate (27), we interpret deep- 
fand open-ocean seawater sulfite as having a 
negative A"'S composition and acting as the 
‘major source of S in the pyritic interval above 
183 m, Sulfate in the anoxic deep ocean was 
nonetheless likely to have been low (potential- 
ly <200 uM) (22) and possibly even lower on 
the continental shelves. However, we suggest 
that enhanced microbial sulfate reduction, 
stimulated by high rates of organic C burial in 
the presence of abundant reactive iron, would 
serve asan effective long-term sulfate sink and 
conceivably result in the concentration of open- 
‘ocean S (with negative A™'S) into the sedi- 
‘ments (28). 

Further insight into the Archean S eye, spe~ 
cifically atmospheric evolution, i gained through 
the evaluation of the A™*S/A'S relation. Whereas 
mass-<dependent processes fractionate 'S and 
°° in systematic ways (A"'S/A™S ~-7)(29, 30), 
NMD photochemical experiments (2, 3/) suggest 
a wavelength dependence to the A’S/A"'S 
relation, and with a few exceptions, observa 
tions from the Archean record generally follow 


WA. 
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Mt. McRae Shale 


AMS/A"S~—1. This value is broadly consistent 
with measurements of sulfides from a wide range 
‘of Archean sediments (/, 32). Additionally, the 
‘A*S/A"S relation may characterize NMD con- 
tributions to surface environments even when 
the absolute magnitude of AS is small (33, 34), 
The high-resolution **S analysis of the Mount 
McRae Shale reveals measurable differences 
for A*S/A™'S within the succession (Fig. 2, C 
and D), further supporting the stratigraphic dis- 
tinctions outlined above. The resolvable differ- 
‘ence between the A**S/A"'S relation in the upper 
and lower Mount McRse Shale indicates a change 
in atmospheric composition, because according 
to current knowledge, such shifts can only be 
‘caused by changing photochemical reactions in- 
volving S-bearing gases (35). 

If the change in atmospheric composition 
suggested above is real, we expect the signal to 
be widespread in nature. To test this prediction, 
we have undertaken $ isotope analyses of sam- 
ples from the broadly equivalent Transvaal Basin 
in South Afica. The studied South African cone 
intersects the Gamohaan and Kuruman Iron 
Formations (5, 12, 13, 36), which record sim- 
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Fig. 2. Triple isotope plots [6S versus A™S in (A) and (B) and A?°S versus A°S in (€) and (D)] for the 
‘Mount McRae Shale in Western Australia (W. A) and the equivalent Gamohaan and Kuruman formations 
in South Africa (S. A). Data from both cores are divided into upper [(A) and (Q] and tower [(B) and (0)] 
intervals. All data outside the target stratigraphic interval is shown in light gray for comparison. The 
‘anomalous S isotope compositions recorded in (A) are interpreted as reflecting oxidizing conditions. Mass- 
dependent fractionations of *°S and **S resulted in an array with a slope of ~6.85 (30, 32) [labeled as 
MD in (C) and (D)], whereas data from this study fit the general Archean slope of ~—1 (1). The AS versus 
‘4°45 relation between the correlated upper and lower intervals is statistically different, pointing to the 
evolution of atmospheric composition inthe late Archean Eon. IF, iron formation. 
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ilar lithologic transitions to those observed in 
northwestern Australia. Although itis possible 
that these two successions (now over 8000 km 
apart) accumulated along the margins ofa con- 
tiguous ocean basin, palinspastic reconstruc- 
tion (37) of the two subbasins on the basis of 
existing outcrop area suggests that the core 
locations were at least 1000 km apart when the 
sediments accumulated. 

The similarity in S isotope records between 
the South Affican and Australian sediments is 
pronounced (Fig. 2). The correlation between 
these widely separated basins strongly supports 
the spatially pervasive character of A"'S (and 
‘S™S) production, snplying a degree of lnteral 
atmospheric homogeneity. The A“°S/"'S of the 
lower portion of the South African core matches: 
that of the lower Mount McRae Shale, whereas 
the A®S/A"S from the upper portion is quite 
similar to that of the upper Mount MeRae 
sediments. The consistency of the 84S versus 
AS and A'S versus A°S relations between 
the Australian and South African cores indicates 
that the $ isotope variations reflect widespread 
‘and probably global variations in the Archean S 
cycle. The origin of the profound 6S and AY'S, 
‘anomaly at ~170 m in the Mount McRae core 
‘and its equivalent in South Affica is unknown, 
but it is probably related 10 a pulsed Mux of 
atmospheric inputs to surface environments that 
\was captured over long distances in similar dep- 
cositional settings. Whereas the transition cap- 
tured at ~153-m might reflect changes in the 
atmospheric O} budget, itis also possible that 
changes in the abundance of other atmospheric 
species (COs and CHs) may be responsible for 
differences in the A**S/A*'S relations. However, 
the independent trace-metal evidence (9) and 
lower stability of methane under oxidizing con- 
ditions point to an inereasingly important role 
for O in surface environments 

We interpret our data from Western Aus- 
tralia and South Avfica to suggest a progres- 
sive oxygenation of the Archean biosphere. 
This conclusion is in accord with the trace- 
metal dats (9), which similarly suggest the 
‘onset of oxidative processes. Combined, these 
time-series records of mineralogic, clemental, 
and $ isotopic change provide clues to cou- 
pled changes in the redox state of the shallow 
‘ocean (largely before the atmosphere became 
oxygenated) in relation to biological innova- 
tion before the Archean/Proterozoic boundary, 
including the oldest evidence for an active and 
globally distributed oxidative S cycle, 
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A Whiff of Oxygen 


Before the 


Great Oxidation Event? 


Ariel D. Anbar,?* Yun Duan,? Timothy W. Lyons,® Gail L. Amold,? Brian Kendall,* 
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High-resolution chemostratigraphy reveals an episode of enrichment of the redox-sensitive 
transition metals molybdenum and rhenium in the late Archean Mount McRae Shale in Western 
‘Australia. Correlations with organic carbon indicate that these metals were derived from 
contemporaneous seawater. Rhenium/osmium geochronology demonstrates that the enrichment is 
@ primary sedimentary feature dating to 2501 + 8 million years ago (Ma). Molybdenum and 
thenium were probably supplied to Archean oceans by oxidative weathering of crustal sulfide 
‘minerals. These findings point to the presence of small amounts of O3 in the environment more 
than 50 million years before the start of the Great Oxidation Event. 


any lines of evidence point to a rapid 
Fis inthe partial pressure of stmospher- 
i¢ O; (Po,) from <10 times the pre- 
sent atmospheric level (PAL) between 2.45 and 
2.22 billion yearsago (Ga) (J, 2)a transition often, 
referred to as the Great Oxidation Event (GOE). 
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‘The GOE could have been an immediate con- 
sequence of the evolution of oxygenic photo- 
synthesis (3), Altematively, O2 biogenesis may 
be ancient (4). Ifs0, the GOE wasa consequence 
‘of an abiotic shift in the balance of oxidants and 
reuctants at Earth's surface (5-8). This debate can 


bbe addressed by looking for evidence of localized 
‘or short-lived concentrations of O; before 2.45 Ga 

‘The abundances of some transition elements 
in sedimentary rocks are sensitive 49 the a 
bility of O, (9), In particular, in the modem oxy- 
‘genated environment, molybdenum (Mo) exists 
in rivers and oceans primarily as the unreactive 
molybdate ion (MoO,*"), Oxidative weathering 
‘of Mo-bearing sulfide minerals in crustal rocks 
Jeads to the accumulation of Mo in the oceans, 
\Where itis the most abundant transition element 
{at a concentration of ~105 nM) (10, 11). The 
abundance of Mo in the oceans is reflected in 
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Dyritic marine sediments deposited under oxygen- 
deficient conditions, where Mo is removed from 
solution in association with organic carbon 
(U2, 13), probably after reacting with HyS to 
form oxythiomolybdates (MoO,.S.°) (/4). In 
such sediments deposited today and through 
much of the Phanerozoic, Mo contents are 
typically >100 ppm versus ~1 ppm in average 
cenust (10, 12, 13, 15,16). 

By comparison, on an anoxic Earth, Mo 
‘would be largely retained in unoxidized crustal 
sulfide minerals during weathering. Therefore, 
Mo concentrations in the oceans would be low, 
and organic-rich sediments would show litle 
uthigenic Mo enrichment as compared to mod- 
‘em equivalents, Similar logic applies to sulfur (S). 
In fict, studies of Mo and S concentrations and 
stable isotopes in black shales reveal systematic 
shifts in ocean budgets from the Archean through 
the Phanerozoic that are broadly consistent with 
the GOE and with another rise in Po, later in the 
Proterozoic (2, 17-19) (able $1). Rhenium (Re) 
‘and. uranium (U) are also. promising. indicators 
‘because their aqueous geochemistry is similar to 
that of Mo, 

Here we report Mo, Re, U, and S measure- 
ments, as well as other geochemical data ob- 
tained at high stratigraphic resolution in the 
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Mount McRae Shale, deposited ~2.5 Ga in the 
Hamersley Basin, Westem Australia (20, 21). 
Approximately 100 samples were analyzed from 
freshly recovered continuous drill core obtained 
for this study (22) (Fig. 1, fig. S1, and tle S2), 
‘These samples were also analyzed for S isotope 
Variations as part of companion study (23). 

‘The core intersected two intervals containing 
pervasive pyritic carbonaceous shale, which We 
refer to as SI (from 125.5 to 153.3 m) and S2 
(fiom 173.0 to 189.65 m). Shales in both in- 
tervals contain several weight % (wt %) S and 
'ypically >3% total organic carbon (TOC), which 
isconsistent with anoxic (and potentially sulfidic) 
bottom waters and the presence of HS in pore 
‘waters during these depositional intervals. 

‘The most prominent feature of the data is the 
excursion in Mo content within SI (Fig. 1). Mo 
concentrations below this layer are typically <S 
parts per million (ppm), which is near the erustal 
value and is typical of Archean carbonaceous 
shales. Concentrations increase gradually up the 
section from the base of SI to a peak value of 
~40 ppm at 143 m and then decrease to <10 
ppm by ~125 m. These variations and the Mo 
Peak at ~143 m are more pronounced when 
plotted as aluminum (Al)-normalized enrich- 
‘ment factors (24). Viewed this way, Mo content 


Manganese 


wt) 


(wt) (wt) 


increases up the section by ~S0 times before 
falling shagply over an interval of ~2 m. The Mo 
enrichment correlates with enrichments in TOC 
and Re and broadly coincides with variations in 
carbonate and $ contents. However, U contents 
vary litle through the section, 

The coherent behavior of Mo, Re, and U 
makes it possible to use Re‘Os geochronometry 
1 Verify that metal abundances were unaffected 
‘by remobilization. Postdepositional addition or 
loss of Re (or Os) would result in significant 
isochron scatter. We find that samples taken from 
128 to 149 m define an isochron with mean 
square weighted deviation = 1.1 (22) (Fig, 2 and 
table $3) and an age of 2501.1 + 8.2 million 
‘years, which is consistent with previous ages for 
ihe Mount McRae shale (20, 2/), The element 
enrichments are therefore primary sedimentary 
features (as is the lack of associated U variation) 
deposited at the boundary of the Archean and 
Proterazoic cons, atleast $0 million years before 
the beginning of the GOE, 

‘The Mo excursion cannot be explained by 
variable carbonate dilution, as documented by 
‘extreme enrichment factors (Fig. 1), Instead, the 
‘correlations of Mo with TOC are strong evidence 
‘of authigenic enrichment (Fig, 3), Such trends are 
‘common in sediments from modern anoxic 
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Fig. 1. Stratigraphy and geochemistry of the Mount McRae Shale, including 
percent of carbonate, TOC, S, Fe, Min, Mo, Re, and U and EFs (24) for Mo, Re, 
and U (23). The intervals $1 and S2 span 125.5 to 153.3 m and 173.0 to 
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189.7 m, respectively. For comparison, dashed lines denote mean Mo con- 
centrations and EFs in Archean and Proterozoic pyritic black shales, as 
indicated in the legend at bottom (28, 22) (tables $1 and S2). 
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basins where the concentration of HS exceeds 
~10 UM. Insuch sediments, Mo/TOC scales with 
Mo concentrations in deep waters (/2). We 
recognize two trends within S1, comesponding 
tothe zone of inereasing Mo enrichment (~143 to 
1153 m) and the overlying zone in which Mo falls 
but remains elevated above average crustal values 
(125 to 143 m), Mo/TOC slopes in these zones 
are ~3.4 + 0.5 (#10) ppm Moiwt % TOC and 
=1,8 + 0.2 (410) ppm Mo/wt % TOC, respec- 
tively (25). By comparison, Mo/TOC is 4.5 to 
25 ppm Moiwt % TOC in pyritic sediments from 
‘modem anoxic basins (/2) and averages ~26 ppm 
MoAvt% TOC in Phanerozoic pyritic black shales 
(J8) (table $1), Hence, small but substantial 
concentrations of dissolved Mo were present 
during SI deposition. Similar reasoning ean be 
applied to Re (fig. S2A). 

‘These observations are not easily explained 
bby hydrothermal inputs to the oceans, Enhanced 
‘hydrothermal input should result, first and fore- 
most, in enrichments of iron (Fe) and manga- 
nese (Mn), yet the SI unit is depleted in these 
elements relative to S2. In any event, high- 
{temperature mid-acean ridge-type systems should 


Fig. 2. Re/0s isochron from 
‘the Mount McRae Shale, based 
on data fom to subintervals 
within $1 (128,71 to 129.85m 
and 145.22 to 14832 m). 
[MSWD, mean square weighted 
deviation. The Rel0s age, 
2501.1 + 82 Ma (initial 
Woy'#os = 004 + 0.06), 
falls between prior ages of 
(2479 + 3 Ma forthe overlying 
Dales Gorge Member of the 
Brockman Iron Formation 
(20) and 2561 + 8 Me for 
the underlying Bee Gorge 
Member of the Wittenoom 
Formation (21). Details are 
dlscused in 22). 


Fig. 3. Relationship be- 
‘ween Mo and TOC in organic 
carbon-rich pyritic intervals 
jn the Mount McRae Shale. 
Circles are from interval $1 
(4255 to 153.3 m). The 
‘metal-enriched zone of 51. 
below 143 m (open circles) 
is differentiated from the 
‘upper zone (solid circles). 
Triangles are from interval 
52 (173.0 to 189.7 m). For 
comparison, the shaded 
‘region indicates the range 
‘of Mo/TOC slopes (forced 
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be sinks, not sources, for Mo and Re because of 
the low solubilities of Mo and Re sulfides. A 
small amount of Mo enters seawater today 3s 
result of low-temperature hydrothermal seafloor 
‘weathering (/3), but this Mo is probably derived 
from modem Mo-rich seafloor sediments, 

Instead, these observations can be straight- 
forwardly interpreted as evidence of oxidative 
‘weathering during SI deposition. We hypothe- 
size that O: in the shallow oceans and possibly 
in the atmosphere enhanced the rate of dis- 
solution of submarine and subscrial sulfide 
minerals, such as molybdenite (MoS,), that are 
important for the budgets of Mo and Re in 
‘igneous and metamorphic crustal rocks. Mo 
and Re released in this way would ultimately 
have produced authigenic enrichments in ocean 
sediments, 

Sulfide minerals weather rapidly in the pres- 
ence of O;, 30 Po, need not have been high. For 
example, even if Py, is only ~10°* PAL, a pyrite 
crystal of 100 jum’ volume will dissolve com- 
pletely in <-20,000 years (26, 27). This is short 
time compared to the likely duration of St (28). 
Consistent with such low Po,, Mo/TOC values in 


+ 8.2 Mal 
1.1 (n=9) 


through the origin) ob- 
served in modem sulfide- 
rich anoxic basins. 


5 70 ry 
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SI do not exceed those of sediments sccumulat- 
ing in the modem Black Sea, which implies that 
the concentration of Mo in contemporaneous 
seawater was of similar magnitude as that in the 
deep waters of the Black Sea, or<1% that of fully 
‘oxygenated modem oceans. 

The same process could have contributed to 
the excursion in $ content and 8S in $1 (23), 
‘The long-term 6S record of sedimentary sul- 
fides exhibits a negative shift between 2.4 and 
2.3 Ga that is thought to indicate an increase in 
‘ocean sulfate concentrations. This increase is 
ascribed to an increased rate of oxidative weath- 
‘ring of pyrites in cristal rocks during and afer 
the GOE (2). The negative shift in sedimentary 
5S beginning at ~153 m in the Mount McRae 
‘Shale may record the effects of less extreme 
‘oxygenation at 2.5 Ga, 

‘Our hypothesis of mild oxygenation is sup- 
‘ported by the absence of U enrichment coincident 
‘with Mo and Re enrichments (Fig, 1 )and the lack 
‘of correlation between U and TOC in SI (fig. 
2B), observations indicating that dissolved U 
‘concentrations were vary low. U in the enust is 
primarily hosted by feldspars, zircon, apatite, and 
sphenc, but not sulfides. Therefore the rate of 
release of U from rocks isonly weakly affected by 
‘oxygenation, unlike that of Mo and Re; experi- 
mental studies suggest that the rite of pyrite 
‘oxidation exceeds that of feldspar minerals when 
Po, > 10 PAL (29, 30), U may also be less 
mobile than Mo and Re when Os is low (3). 
Hence, enhancements of Mo and 
‘out enhancement are expected inthe presence of 
small amounts of Os. 

Our interpretation is also consistent with the 
extremely nonradiogenic initial "”’Ox"™Os in 
the Mount McRae Shale (Fig, 2). Such tow 
values, also seen in shales ~200 million years 
younger (32), indicate that the ocean Os budget 
‘was dominated by hydrothermal sources rather 
than by radiogenic Os derived from the 
‘weathering of high-Re'Os crustal rocks. As with 
U, oxidative weathering of sulfide minerals in 
jgncous or metamorphic rocks might have had 
litle effect on the balance between hydrothermal 
and crustal sources of Os to the oceans, because 
the Os content of crustal sulfide minerals, par- 
ticularly molybdenite, can be low, 

‘The low levels of O» that can account for our 
data are similarto the upper limit of 10°° PAL for 
{typical Archean Po, derived from the observation 
‘of nonzero A”'S in Archean sediments (33, 34), 
possibly explaining the juxtaposition of Mo and 
Re enrichments with the small nonzero AS 
signals seen throughout SI (23). Alternatively, 
Po, above this threshold could have been present 
ephemerally within geographically restricted 
areas such as biologically productive regions of 
the oceans. 

In contrast to the observations in S1, Mo 
concentrations and enrichment factors are very 
low below ~153 m, including in the organic 
‘earbon-rich and pyritic S2, where Mo is essen- 
tially invariant with TOC [Mo/TOC = 0.15 + 
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0.35 (#10) ppm Mo‘wt % TOC] (Fig. 3). Weak 
correlations appear between Mo and Al in $2, 
suggesting that at these depths the Mo budget 
‘was influenced by detrital components: such 
correlations are absent from S1. These obserya- 
tions point to much less authigenic Mo enrich- 
‘ment in S2 than in SI. 

‘The difference in Mo enrichment suggests 
that the Mo inventory in overlying waters was 
much larger during $1 deposition than during 
‘$2 deposition, as would follow from an increase 
in environmental oxygenation up the section 
beginning at ~153 m. This interpretation is 
‘complicated by the fact that the Mo concentra 
tion differences between the units were also 
affected by differences in local depositional 
conditions that increased the efficiency with 
‘hich Mo was transferred from water to sed- 
iments during SI time (35). However, a dif- 
ference in the dissolved Mo inventory and in 
‘ocean oxygenation provides a compelling ex- 
planation for the sharp difference in MoTOC 
between the units (36), 

Other data from the core also point to greater 
surfice ocean oxygenation above ~153 m, 
including changes in 8“S-A"'S systematics that 
may record the onset of an oxidative sulfur 
cycle (23), A redox shift can also explain dif- 
ferences in Fe and Mn concentrations above and 
‘below ~160 m (Fig, 1). Below this depth, most 
of the Fe is present as siderite (FeCO,), and 
‘both elements are much lower in SI than in S2. 
Fe and Mn would have been easily mobilized 
during anoxic weathering, enriched in anoxic S- 
poor Archean oceans and hence available for 
incoporation into sediments. Oxygenation of 
surfice environments would have reduced the 
availability of both elements, At the same time, 
Re concentrations are slightly elevated above 
‘crustal average values throughout the core, and 
there is a positive correlation of Re with TOC in 
‘$2 as well as SI (fig. $2B), Re can be more 
mobile than Mo during oxidative sulfide weather- 
ing (37), so this persistent Re enrichment suggests 
that some small degree of oxidative weathering 
occurred 

The decrease in Mo content and Mo/TOC 
above 143 m may record a drop inthe dissolved 
Mo inventory after its initial rise, even though 
the surfwce environment apparently remained 
persistently, if mildly, oxygenated (23). Re and 
'§ also decrease. Diagenetic complications 
notwithstanding (23), it is tempting to speculate 
that these decreases mirror a drop in atmosphere 
fr ocean redox potential (38), as a result of 
biological or nonbiological feedbacks (39). How- 
ever, declining trace metal abundances could 
‘simply reflect the exhaustion of exposed crustal 
sulfide sources, or areal expansion of sulfidic 
basins in the oceans in response to rising sulfate 
reduction, drawing down seawater Mo, Re, and S 
inventories. 

‘The onset of oxidative weathering at 2.5 Ga 
was probably widespread. A recent xamina- 
tion of contemporancous sediments from the 
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Ghaap Group in South Africa found that au- 
thigenic Mo and Re increased between 2.64 
and 2.5 Ga (40), although that study did not 
have the stratigraphic resolution to capture the 
scale of variations reported here. Changes in S 
isotope systematics like those in the Mount 
McRae Shale also appear in time-corretative 
lunits from South A fica (23). Theoretical models 
show that a shift toward more oxidizing con- 
ditions can occur before the rise of an oxygen- 
ated atmosphere (5). Hence, the whiff of oxygen 
in the Mount McRae Shale may presage the 
global and imeversible transition to an oxygen 
ated world, 
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Stone Adze Compositions and the 
Extent of Ancient Polynesian 
Voyaging and Trade 


Kenneth D. Collerson™ and Marshall |. Weisler? 


The last regi 


fon Earth settled by humans during prehistory was East Polynesia. Hawaiian oral 


histories mention voyaging from Hawai'i to Tahiti and back via the Tuamotus, an open ocean journey 
‘of several thousands of kilometers. The trace element and isotope chemistries of a stone adze recovered 
from the Tuamotu Archipelago are unlike those of sources in central Polynesia but are similar to 

the Kaho'olawe Island havaiit, in the Hawaiian Islands, supporting the oral histories. Other adzes 
collected from the tow coral lands of the northwest Tuamotus have sources in the Marquesas, Austral and 
Society islands, and the Pitcaim Group, confirming that trade was widespread within East Polynesia. 


he greatest maritime migration in hunvan 

history culminated in the settlement of the 

‘eastom margins of the Pacific Ocean, 
delimited by Hawai'i, New Zealand, and Easter 
Island, the last region on Earth to be settled by 
‘humans. Some researchers have suggested that 
settlement was accidental or by drift vayages (/). 


However, computer simulations (2, 3), sailing 
experimental canoes using traditional navigation 
al techniques (4), and review of voyaging strat- 
egies (2) indicate that East Polynesian colonization 
\was purposeful, perhaps taking about six human 
generations to colonize most archipelagoes be- 
fore 900 CE (5). 


T 
[Andesite Line 


macau 


es 
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In the eastem Pacific, the decreasing island 
size and isolation of archipelagoes across Poly- 
nesia made it difficult to maintain external relations 
‘among them, and the frequency of long-distance 
voyaging is thought to have diminished (6), 
However, two-tay postcolonization voyaging be- 
tween Hawai'i and Tahiti is well supported by 
Hawaiian oral histories (7). 

‘To evaluate the extent of trade in eastem Poly- 
nesia, we studied the trace clement compositions 
and isotope chemistry of exotic stone adzes col- 
lected from nine coral atolls in the Tuamotus: the 
navigational crosroads of East Polynesia (2) (Fig. 1, 
A and B), These adzes are made of basalt, for 
which there is no local source on the coral stlls. 
‘Thus, their provenance can be used to trace Poly- 
nsian travel and trade, To evaluate sources, we de- 
‘eloped a database containing majo, trace element, 
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Fig. 1. (A) Pacific islands showing O1Bs (east of 
the Andesite Line), IAVs, and the route between 
Hawai'i and Tahiti within the Society Islands 
established experimentally (4). (B) The distri 
bution of adzes investigated in our study. Ar- 
rows link adze locations (solid circles) to their 
sources (gray squares) in the Marquesas, So- 
ciety, Austral, Tuamotu, Gambier, and Pitcairn 
Island groups. (€) The Hawaiian Islands, with 
contemporary vents on Hawai'i and Lo‘ihi desig- 
nated with black circles. The two linear trends 
(oa and Kea) define distinctive chemical and 
isotopic differences within the Hawaiian mantle 
plume (27). 
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and isotopic compesitions of 28 volcanic sources 
from all Polynesian archipelagos, augmented by data 
(8) for oceanic island basalts (OIBs). Fine-grained 
basalt adzes and their resulting manufacturing 
debris occur throughout Polynesia, and this com- 
‘mon woodworking too! has been used to identify 
prehistoric interaction between island groups (9, 0). 

Island are Voleanis (IAVS) and OIBs are chem- 
ically distinct because of differences in mantle 
sources and melting processes (//). The LAV west 
Of the Andesite Line (Fig. 1A) comprise voleanic 
rocks that range with increasing silica from basalt 
1 andesite, dacite, and rhyolite. These LAVs form 
bby melting of the hydrated mantle wedge above 
subduction zones (12). The range of silica in these 
magmas refleds fractional crystallization within 
high-level magma chambers and the assimilation 
(of overlying felsic erust (/3). By contrat, tholei- 
itic and alkalic OIBS and associated  slica- 
‘undersaturated alkaline lavas (8) (fig, S1) form 
by partial melting in mantle sway from subduc- 
tion zones (14), The movement of overtying 
‘oceanic lithospheric plates: across: mantle upwel- 
lings or loci of meting explains the generation of 
lines of OIB volcanoes, with ages increasing in the 
direction of plate movement away from the bot 
spot (15), a6 at Hawai'i (/6), In eastern Polynesia, 


Fig. 2. (A to D) |s0- 
topic compositions of 


the Tuamotus, Marquesas, Sociay Istands, and 
Cook-Austral Islands, (Fig. 1B) are interpreted to 
have formed by this process (/7). 

Because of differences in mantle sources and 
melting processes, IAVs are chemically distinct 
from OIBs (18), and this difference provides a 
robust constraint for identifying the provenance of 
Polynesian basalt adzes. In addition, OIB lavas 
from different archipelagos exhibit different trace 
clement and radiggenic isotope chemistries (19), 
such dats can also be used to determine anifact 
sourraes. Major element chemistries may often not 
be diagnostic because similar basalt chemistries 
‘can be produced during the fractional crystalliza- 
tion of similar mineral phase sequences during 
‘cooling in high-level magma chambers. 

OIBs are characterized by superchondritic 
Ze/H ratios (chondritic ratio 34.3 + 0.3) and sub- 
chondtic Nb Ta ratios [chondritc ratio 19.9 + 06 
(20). Futhemiore, O1Bs exhibit low and distine- 
tive suparchondritic Z/Hf ratios of 35.5 to 435 
[chondritic ratio 34.3 + 0.3 (20)). An adkitional 
method for discriminating between basalts is pro- 
vided by radiogenic Sr, Nd, and Pb isotope compo- 
sitions, far which thaw are extensive data for 
Polynesian volcanoes (8, 2/) Initial isctopic compo 
sitions of OIBs are diverse (8). In view of the 
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marked trace element and isotopic differences 
between different OIB archipelagos, sources of 
basalt used in adze manufacture can be deter 
mined without requiring knowledge of specific 
locations of sources or quarries. 

We analyzed 19 adzes collected by Emory 
between 1929 and 1934 (8, 22) (able $1) fom 
nine low coral atolls (Arakita, Makatea, Napuka, 
Takaroa, Katiu, Manihi, Ahe, Taiaroa, and 
Nukutivake) (Fig. 1, A and B) They are typical 
East Polynesian adze forms (Dulf types 1A, 1E, 
3A, 3B, 4A, and SB) (23), with types 3A and 4A 
‘representing lac prehistoric fomns (fig. SI). These 
artifacts, analyzed by inductively coupled plasma 
mass spectrometry and with radiogenic isotope ra- 
tios analyzed by thermal ionization mass spectrom 
‘etry, required <100 mg of sample (8) (table $2). 

‘The radiogenic isotopic data (Table 1 and 
Fig. 2) allow three adzes to be assigned to theit 
sources; C2365 from Runutu, C2319 from Pitcaim, 
and C7727 with an isotopic camposition indicat- 
ing derivation from Kaho'olawe, Hawai'i, C7727 
isa phenocrystree aphanitic rock (fine-grained, 
‘where mineral phases are not discemable with the 
naked eye) that is typical of rocks selected for ade 
‘making. The unradiogenic Pb isotopic composi- 
tion of C7727 is distin from those of all other 


adzes (solid circles) and 
compositional fields for 
diferent Pobmesian Os. 
‘Source fields are defined 
by data in table $5 and 
studies cited in (8). Var 
{ations in isotopic com- 
postion define the nature 
and scale of chemical et 
‘erogeneity within. man- 
tle sources of OlBs (12), 
Radiogenic Pb isotopic 
compositions of adzes 


shown in Fig. 3, A and 
B, reflect variation in 
Lieb €°*pby?°4pb and 
207 pb/?*Pb) ratios and 
aso in ThPb (™*PbP™* Pb) 
‘atios. Figure 3C shows 
covariation between Sr 
isotopic composition 
and Nd isotopic compo- 
sitions, Figure 30 shows 
covariation between 
seypbe/2°¢pbe and 
"751P Sr ratios. Based 
‘on isotopic composi- 
tion, three adzes can 
be assigned to their 
sources: (2365, Ruruty; 


0.7025 


(2319, Pitcairn; and 
C7727, Hawai using 
the average of three Pb 


‘isotope determinations given in Table 1 and the sisth footnote of Table 
1 (designated by {). The unradiogenic Pb isotopic composition of C7727 is 
distinctive from that of al other eastern Polynesian OIBs and is similar to Loa 
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trend basalts (Fig. 10). Although isotopically similar, Lanai basalts are 
tholeitic, whereas C7727, a hawaiite (fig. $2), & from Kaho'olawe. Error bars 
show 2c analytical uncertainties in each diagram. 
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Fig. 3. Geochemical comparisons. (A and B) Similarity between C2365 and Rurutu basalts. (C and D) 
Similarity between 0465 and the Eizo source, Marquesas. (E and F) Similarity between (2319 and 
Tautama basalt, Pitcairn Istand. (G and H) Similarity between C2367 and basalts from Huahine and Taha’a 
‘in the Society islands with high Ba/Th ratios. (and J) Comparison between adze C7727 and hawaites with 
similar SiO, composition from West Motoka'i (71WMOL-4) (28) and Haleakala, Maui (HB5-1) (29). The 
similarity between C7727 and Haleakala hawaiite indicates that they had 2 common petrogenetic 
evolution, 


‘castem Polynesian OIBs but is similar to cither 
Kaho‘olawe or Lans'i (24-26). Both of these 
islands lie in the Hawaii Loa trend (27) (Fig. 
10), Although Lana’ basalts are sctopcally similar 
to those on Kaho'olawe, they are thoeitc, whereas 
C7727, ahawaite, is alkaic (fig, $2). Adze C7727 
(able S4) has similar SiOs, AlO,, MgO, TiO, 
Fe,0s, and POs compositions to hawaites from 
Wes Moloka‘i and Haleakala, Maui (28, 29) (able 
SS), Fig, S3A shows that hawaiites from Haleakala 
‘and West Moloka‘i have considerable variation in 
(CaO (5.4 to ~10 weight %). 

‘Adze C7727 hus similar C30 and TiO; com 
positions to Catich hawaites fiom Haleakala, con- 
fining a common patroganatic evolution, different 
from hawaies from Mauna Kea and West Molokai 
Adee C7727 falls within the field of covarat 
exhibited by other hawaites from Hawaii in plot 
‘of MgO with Nb, Sr, and Th (fig. $4) and with 
‘CxO1Na,O, NOTH, THTa, and Nb Taratios (fg, $5). 
‘The adze has a similar CaOINaO rio  highCa 
‘hawaites from Haleakala, Maui (ig, $5). However, 
its Ph ‘sctopic comparition excludes West Molokai 
(28) oF Maui (30) hawaiite a a source for this ada. 

In Sr/Ce versus P.Os space, adze C7727 plots 
within the distinctive range of compositions ex- 
hibited by hawaiites from Kaho*olawe (fig. $6), 
Such variation reflects both shallow low-pressure 
fractionation of plagioclase (as in Haleakala, Maui 
hawaiites) and moderate-pressure fractionation of| 
clinopyroxene (as in West Molokai and Mauna 
Kea hawaites) (29). Furthermore, Kaho'olawe 
‘hawaiites are also characteriad by higher Ni con- 
tents (range $4 10 226, 143 + 71 g/g) (24, 31) 
‘than hawaiites from West Moloka'i (I to 40 jg) 
(28), Haleakala (4.5 10 51 jpg) (29), and Mauna 
Kea (4 t0 9 ig/g) (32). With 115 pg of Nig, adze 
C7727 is consistent with derivation from a 
hhawaiite source on Kaho*olawe. 

Further support for the idea that C7727 orig- 
inated from Hawai‘ is provided by trace element 
ratios and by Sr and Nd isotope ratios given in 
‘Téble 1, tables $4 and S5, Fig. 3, and fig S7. O1Bs 
from Hawai‘ and almost all basalts from the En 
peror Seamont chain, which represents Hawaiian 
‘magmatism ranging in age from 85 to 42 million 
‘years ago, have Ba/Th ratios >100 (33). In East 
Polynesia, basalts from Raviatea (table SS) and 
‘Taha‘a 34) in the Society Islands, shown in Fig. 3, 
G and H, also have Ba/Th ratios >100, however, 
‘basalts from the Society Islands have significantly 
higher radiogenic Pb isotopic compositions than 
those from Hawai‘ (Fig. 2B, Table 1, and table $5). 
Although the La/Yb ratio of C7727 (16.5) (able 
‘S4) is higher than published values for Kaho'olawe 
lavas, the rare earth elements are especially mobile 
‘because of alteration in some postshield alkali 
lavas (31) The La’Yb ratio is also acted by the 
degree of partial melting: thus, the higher ratio 
of C7727 reflects a lower degree of melting, In 
“'Se*Sr and “*Nd/'Nd space (fig. $7), adze 
(C7727 plots within the Kaho'olawe field on a 
mixing trend (comelaton coefficient R ~ 0.97) de- 
fined by hawaites from Kaho‘olawe, West Molokai, 
and Haleakala (Maui. This indicates that  com- 
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‘mon petrogenetic process was involved in hawaite 
formation. This most likely involved interaction be~ 
‘ween an enriched component with a high RbSr 
‘aio and low SYN ratio and a depleted component 
‘with a lower Rb/Sr ratio and higher Sm/Nd rato. 

‘We used the same methodology (Table 1 and 
Figs, 2 and 3) to identify the sources of all 19 
aadzes. In addition to the adzes from Kaho*olawe, 
Hawai'i (n= 1); the Piteaim Group (n = 1), and 
Rurutu (1 1),adzes were also identified that were 
‘manufactured from basalt sources on Eio in the 
Marquesas (n= 1); Rapa in the Austral (n= 1): 
the Society Islands with Ba/Th ratios >100, such 
as Ratiatea, Taha‘a, or Huahine (n ~ 7); and the 
Society Islands with Ba/Th ratios <100, such as 
Tahiti (n= 7). 

Because adze C7727 was collected from 
[Napuka, a low coral aol in the westem Tuamotus 
in central East Polynesia (Fig. 1B), the rock from 
‘which it was made was transported minimum 
distance of 4040 km from its source on 
Kaho‘olawe in the Hawaiian chain (Fig. 1A). 
‘The likely route between Hawai'i and Tahiti via 
the Tuamotus (35) (Fig. 1A) has favorable winds 
and currents for two-way voyages. Experimental 
canes using non-instrumental navigation made 
such a joumey in 32 days (36). 

‘There is much traditional ceremony in prep- 
aration for long-distance voyaging, and today, as 
possibly in the ancient past, canocists often stop 
at the westemmost tip of Kaho" olawe Island, Lae 
‘o Kealaikahiki (literally, “eape or headland of the 
way t Tahiti") (Fig. 1C) before beginning their 
Voyage south, Sample C7727, a Duff type 3A 
adze, is made from rock that is consistent with 
‘hawalite deposits found at only a few places along 
the coast of this island, one of which is close to 
Lae 0 Kealaikahiki. This adze type is unknown 
from Hawai'i but is common in the Tuamotus. 
Rock from Kaho‘olawe may thus have been taken 
48 a gift or memento (as is done today by modern 
{raditional voyagers) or used as ballast, and fash 
joned into adzes in the Tuamotus 

‘The Tuamotus, along with the Society Islands, 
‘could be approached from all quarters and was 
thus probably important in Polynesian wade (2). 
‘Our data show that Tuamotu adzes originate from 
the Marquess, Pacaim, Austra, and Society Isands 
{that is, most ofthe island groups surrounding the 
atoll archipelago, Furthermore, because the low 
coral aolls of the Tuamotus emerged after 1200 
CE (37), and the surrounding island groups were 
colonized well before then, all imported adzes re- 
‘covered in the Tuamotus relate to postcolonization 
interaction with adjacent archipelagoes. We there- 
fore agree with Irwin (2) that postcolonization 
voyaging must have been common enough for voy- 
aging knowledge to be passed across generations 
‘and that it continued until about 1450 CE when 
‘most voyaging ceased in East Polynesia (38). 
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Synchrony Dynamics During 
Initiation, Failure, and Rescue 
of the Segmentation Clock 


Ingmar H. Riedel-Kruse,"t Claudia Miller, Andrew C. Oatest 


‘The “segmentation clock” is thought to coordinate sequential segmentation of the body axis in 
vertebrate embryos. This clock comprises a multicellular genetic network of synchronized 
oscillators, coupled by intercellular Delta-Notch signaling. How this synchrony is established and 
how its loss determines the position of segmentation defects in Delta and Notch mutants are 
unknown. We analyzed the clock’s synchrony dynamics by varying strength and timing of Notch 
coupling in zebrafish embryos with techniques for quantitative perturbation of gene function, 

We developed a physical theory based on coupled phase oscillators explaining the observed onset 
and rescue of segmentation defects, the clock’s robustness against developmental noise, and a 
critical point beyond which synchrony decays. We conclude that synchrony among these genetic 
oscillators can be established by simultaneous initiation and self-organization and that the 
segmentation defect position is determined by the difference between coupling strength and noise. 


the periodic and sequential segmenta- called somites, the precursors of axial bone and 
tion of the vertebrate embryo along its muscle, is thought to be driven by the segmen- 
anterior-posterior axis into blocks of cells tation clock (Fig. 1A) (J, 2). This clock com- 
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prises a multicellular genetic network of os- 
cillators located within the posterior meso- 
derm (Fig. 1B) (3, 4), Delts-Notch signaling 
hhas been proposed (3, 5) to couple these os- 
cillators (Fig. 1C) such that they are spatio- 
temporally synchronized despite the presence of 
noise, Desynchronization over developmental 
time (5) could explain the zebrafish Delta- 
Notch mutant phenotypes (6-10) in which 
only the first 6 to 10 anterior segments form 
correctly (11); alernatively, genetic differ- 
ences in anterior and posterior patterning 
‘might set the positions of these segmentation 
defects (1, 12). A physical theory that ac- 
counts for these defect positions based on de- 
synchronization dynamics and Delta-Notch 
signaling strength is lacking, and how this clock 
is started and attains initial synchrony is also 
‘unknown, 

If desynchronization is the cause of Delta- 
"Notch mutant phenotypes, such a decay process 
should be inducible throughout somitogenesis. 
We delivered saturating doses of N-{N43,5- 
difluorophenacetyl-L-alanyl)|-S-phenylglycine 
t-butyl ester (DAPT) to wild-type (WT) em- 
‘bryos at hourly intervals (/3). DAPT binds to an 
blocks the intramembrane protease required for 
cleavage of the Notch intracellular domain in 
response to Delta binding the receptor’s extra- 
cellular domain (Fig. 1D) (4). We quantified 
the resulting organismal phenotype with the 
anterior limit of defects (ALD) (Fig. 1E), that 
is, the number ofthe anterior most defective seg- 
ment (/5), which, averaged over an embryo 
population, is characteristic for each mutant 
(U1, 15) and is indicated by the myotome 
boundary marker cb1045 (/6). The ALD of 
fixed embryos translated into the develop- 
mental time, 4, of the first misformed segment 
boundary (Fig. 1F) because segments formed 
ata linear rate 


Ssar ay 


‘with segment number 5, segmentation rate «= 
25 +0.25 hour'', and offset p= 25 +3 (N= 6 
embryos) (mean + uncertainty = 2 SEM and 95% 
confidence unless stated otherwise). DAPT 
delivered betore fp = 5.8 + 0.5 hours caused a 
constant ALD of Sx{y = 5.2 + 0.18 (N= 31), 
‘whereas later delivery shifted the ALD poste 
riorly (ig. 1, E and F), These data are con- 
sistent with decay process undertying the 
Delta-Notch mutant phenotype, and, assuming 
‘near-instantancous action of DAPT treatment, fy 
‘would mark the beginning of this process with a 
decay time of 6.5 hours. 

Furthermore, ifdesynchranization isthe cause 
‘of Delta-Notch phenotypes, this decay time 
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should be modifiable. We blocked Notch sig- 
naling before fo in WT and des"~ (notchta bet- 
erozygote mutant) (7), varying (i) DAPT 
concentrations to reduce Notch activation and 
(i antisense morpholino (MO) amounts to re- 
duce translation of notchla mRNA (Fig. 1D) 
(7, 13). Both treatments for quantitative per- 
turbation of gene function gave consistent re- 
sults (Fig. 2, A and By: The ALD shifted 
posteriorly with lower treatment levels, and 
‘curves for des" and WT shifted along the 
treatment axis, requiring about half the amount 
‘of treatment in des” to achieve the same ef 
fect as WT, suggesting a 0.5-fold difference in 
signaling. Saturating MO. amounts caused an 
ALD consistent with des”. S\in ~ 7.63 + 0.12 
( = 108) (11), whereas saturated DAPT con- 
‘centrations caused lower ALDs, as above (Fig. 
1, E and F), potentially because of DAPT 
targeting additional Notch receptors (/7). Con- 
sequently, intercellular Deita-Notch signaling 
here is not simply a qualitative on-or-off switch; 
instead it can transmit smoothly graded quanti- 
tative signals, and this signal strength sets the 
decay time. 

We sought a physical theory describing the 
‘dynamics of synchrony in the segmentation clock 
that predicts the first defective segment bound- 
ary Squp (ALD) from the treatment Jevel, 1 
We consider the segmentation clock as a pop- 
ulation of identical, mutually coupled phase 
‘oscillators in the presence of noise (13, 18), 
thereby neglecting the spatial aspects of cyclic 
genie wave pattems (2, 4) and the biochemical 
details and amplitudes of the postulated cell- 
autonomous Her-feedback oscillators (/9). We 
then described the synchrony among oscillat- 
ing cells in mean-field approximation (Fig. 
2C) (13) by an order parameter Z, with Z= 0 
and Z = 1 for none and perfect synchrony, re- 
spectively (/8). Below the threshold Z., proper 
segment formation fails (Fig. 2D). The dy- 
namics of Z approximate an exponential (/8) 
starting at fo 


Z(t) =Z(y) eM? (2) 
with the time constant 
da2e-e 8) 


determined by the antagonistic influence of 
the total noise experienced by the clock, 267, 
and coupling among cells, €. 26° comprises 
environmental sources, like temperature fluc- 
tuations; intracellular sources, like cell divi- 
sion (3-5); and intercellular sources, like 
relative cell movements in the PSM mixing 
cells from regions with different phases (5). © 
depends linearly on activated Notch protein 
level, p 

e=B-ptA (4) 
‘here 4 accounts for potential additional cou- 
pling pathways. The sign of 2 then determines 
Whether synchrony decays or builds up, 
depending on whether noise or coupling dom- 


inates, respectively, and its magnitude deter- 
mines the duration of either process. Hence at 
2.~ 0 the collective behavior of these coupled 
oscillators undergoes a dramatic qualitative 
change, which marks the critical point at a 
synchronization phase transition (/8, 20, 21), 
‘analogous to the freezing point at the water-ice 
transition (13). 

‘A Hill equation accounts for the inhibitory 
effect of treatment level, 2, with MO and DAPT 
assumed to act noncooperatively 


n 
P=8-Pyy ( aa) 
and where 26 = (0, 1, 2) is the number of 
rnotchIa alleles per embryo, Py is the WT 
level of activated protein, and ry is the treat- 
ment level that halves. Pay. When applied 
WT, rg would then comespand to the heterazy- 
‘g0us condition, 
Combining Eqs. 1 to S yields an expres- 
sion that predicts the ALD of the homozygous 
mutant 


(3) 


Sil = (=~) - 


2a+InlZ./Z(to)I/(20°-A) (6) 


which is set by the shortest decay time deter: 
mined by the noise in the system to desyn- 
cchronize cells in the absence of Notch signaling. 
More generally, we find the desired expres- 
sion that predicts the ALD for any reduced 
Notch coupling strength due to the treatment 
level, 


Below the critical treatment 


eg = My: (8° R=1) (8) 
in principle infinitely many correct segments 
‘could be formed. Here we define 


R=B-Py,/(20°-A) = €y,/(20°-A) (9) 
as the robustness (22) of segmentation against 
‘changes in Notch signaling, other potential cou- 
pling pathways, and noise; a three-way balance 
that quantifies, for instance, the fold reduction in 
Notch signaling that is tolerable (13). 

Fitting Eq. 7 to the data (Fig. 2, A and B) 
and with Sain and io fixed as above, we found 
the fit parameters for DAPT of R = 8,6 +22 
and rg = 0.66 + 0.18 jM and for MO, R= 2.1 + 
(0.34 and iio ~ 0.021 + 0.005 pmol; the result- 
ing critical treatment levels, is, are marked in 
Fig. 2, A and B. Both values for R are larger 
than 2, hence consistent with the absence of a 
segmentation phenotype in the heterozygous 
mutant, These results provide quantitave 
dence for (i) Notch signaling as a coupling 
mechanism, (ii) desynchronization as the cause 
of the Delts-Notch mutant phenotype, (il) the 
system's robustness of R ~ 5, and (iy) the 
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Fig. 1. A decay process 
within the segmentation 
clock underlies the 


i 
i 
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the posterior end via a 


pattem, i, insufficient coherence among osilators, rest in 
defective segment boundaries. (B) Network of genetic oscilators 
within PSNL (C) Mutual coupling via Delta-Notch signating (green, 


noise. (D) Production, activation, turnover, and signaling of this 
pathway 23); treatments used in this study to reduce or completely 
‘block intercellular Delta-Notch coupling (red): MO, DAPT, and mutants 
in notchIa es” and des”). (E) Shits in ALD of segment 
boundaries (arrowheads) from adding saturating DAPT levels at 
‘successively later times. (F) Functional representation of (E). 
‘Morphological ALD (left axis) converts into absolute time of defect 
(ight axis). ALD error bars, 268% of scored embryos; solid tine, 
linear fit; dashed lines, visual guidance marking saturating ALD, 
Sika, and decay onset time, fo. 


c Fig. 2. A mean-field theory of coupled phase 
‘oscillators predicts the synchrony decay time in the 

Tr 5 aes | segmentation clock and the segmentation defect 

position. (A) ALD resulting from various DAPT con- 

(O) ©-® centrations applied at dome stage to WT (blue) and 

ae ae des" (green). ALD error bars, 268% of scored 
a ‘embryos; sold lines, fits to Eq. 7; dashed tines, visual 

guidance marking saturating ALD, Sa(o, and critical 

a] ‘treatment levels, 1.3. (B) AS in (A) but for MO. 


Concentration errot bats, 2 SD. (C) Meancfeld 
approximation, where each cell averages over the 
n=0(WT) 5 ‘oscillation phases of all other cells, neglects am- 


& pplitudes and spatial features of cyclic wave patterns. 
B 5 @) Synchrony among cells, described by order pa~ 
]  rameterZ (top) or cycic gene arrest pattern (bottom), 
decays over time with rate depending on treatment 
oat i strength, 1; below threshold Z., segment boundaries 
20 0 are defective, causing an ALD. 
2 : 
0 a3 
= 22 
28% gE 
3 
H eit 
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Fig, 3. The genetic oscillators of the segmentation clack are 
initiated synchronously in a Delta-Notch- independent manner. 
(A) Schematic of late zebrafish blastula stage immediately 
before mesoderm induction. (B) First detection (arrowheads) 
and fist cycle of her? expression in presumptive mesoderm 
ring (animal pole view). ( Temporal distribution of pre- 
somitogenesis cyclic gene oscillations; embrycs scored for 
continuous “ting"-shaped expression [red asterisks in (D)] of 
dic in early mesoderm. Red bar, estimated uncertainty for f 
when desynchronization starts; error bars, 1 SEM. Red dashed 
line is for visual guidance. (D) dic expression in representa- 
tive embryos (vegetal view, dorsal to top). () illustration of 
(D) with waves traveling around margin from ventral to 
dorsal. (F) Schematic of changes in cyclic gene expression 
patterns during different developmental stages: (i) cycle 
1 during pregastrula, (i) cycles 2 to 4 during early gastrula 
with dorsal side marked, (ii) cycles 5 and 6 during late 
epiboly with notochord primordium, and (iv) cycles 7 to 30+ 
during somitogenesis stages with tailbud. (G to 1) Repre- 
sentative sibling embryos, laid over 20 min, showing oscil- 
latory dle expression after dimethyt sulfoxide (DMSO) carrier 
treatment (G) and DAPT treatment (H), but elevated, stable 
‘expression after MO targeting both her and her? bHLH 
‘repressor protein mRNA (). 
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Fig. 4. Delta-Notch coupling is 
sufficient for self-organized resyn- 
cchtonization of the segmentation 
clock and rescue of morphological 


segmentation defects. (A) Timeline 
‘of DAPT pulse-chase experiment. 
(B) Six anterior segments formed 
comectly (Sun = 7), followed by ~15 
disrupted segments (red bracket), 
followed by normally shaped seg- 
ments posterior to 21st segment 
(Sno = 22). Control embryos in 
DMSO showed no defect phenatype 
(24; embryos remaining in DAPT 
showed no resaue (Fig. 16). (C to G) 
Representative dlc PSM expression 
pattems, time points marked refer- 
ting to (B). Two representative embryos showing transition from mildly affected 
‘dic expression stripes (Q, degrading gradually (0) to typical sat-and-pepper 
pattern indicating desynchronization among cells (E) compared to expected WT 
pattern (P), and return of nomnal, symmetrical cyctic gene expression pattern 
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(@ Asterisks mark dic cyclic stripes [(O, (F, and (@)] or disordered expression 
domains {(D) and (E)). (H) Schematic synchrony-coupling phase diagram (top) 
and decay or recovery rate-coupling dependency (bottom). Potential additional 
coupling pathways are neglected for simplicty (A = O}; axes not to scale. 
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existence of a synchronization transition in a 
population of biological genetic oscillators 
U8, 20, 21). 

More generally, the analysis of other com- 
plex developing systems (23) would be amena- 
ble to the quantitative strategy used ere. In 
particular, quantitative MO delivery can be in- 
{expreted as a too! to speed up mRNA decay with 
expected in vivo MO-mRNA binding rates of 

\y ~ 10 M“' 5“ (73), Consequently, molecular 
parameters can be estimated, such as the notch la 
mRNA decay rate, ky ~ 0.1 min”! (13). 

‘The onset of desynchronization (Fig. IF) 
predicts the clock’s initiation at or before fo = 
58 + 05 hours. Around this developmental 
time point, the cells of the zebrafish presumptive 
‘mesoderm that will later become the somites are 
found in a marginal ring of the blastoderm; 
epiboly movements will subsequently draw the 
blastoderm over the yolk (Fig. 3A). We 
‘observed the earliest expression of eyelic genes 
her, her?, and dle at ~$.25 hours postientil- 
ization (hpf): 10 min elapsed between first 
detection of scattered /er7-positive nuctei and 
‘a subsequent ring of expression around the en- 
tire margin, which disappeared 30 min later, 
‘marking the first cycle of the segmentation 
clock (Fig. 3B and fig. Sl) (13). Hence, the 
‘clock’s initiation coincides with, or shortly pre- 
ceodes, the inferred onset of desynchronization, 
and inital synchrony among these genetic os- 
cillators appears to be achieved by simultancous 
‘gene induction. 

‘Throe more oscillatory cycles were found 
confined to the ring of the gastrulating meso- 
dorm with an interval between maximum expres 
sion states of around 30 min, corresponding 
to the period of the segmentation clock (Fig. 
30). During these cycles, dle expression started 
at the ventral side of the embryonic margin 
and moved dorsally, thereby forming a travel- 
ing wave (Fig. 3, D and E). Furthermore, pe- 
riod scemed to decrease, whereas cellular 
expression levels increased, which is charac 
teristic for transients following bifurcation 
events (/8). During the subsequent fifth cycle, 
a cyclic expression domain separated from the 
gastrula margin at 8.2 hpf and moved an- 
teriorly, The earliest previously reported wave 
at 8.7 hpf (/5, 24, 25) marked the sixth cycle 
and. prefigured the first segment boundary. 
‘These five cycles before somitogenesis in zebra- 
fish contrast to two observed in chick (26). Thus, 
throughout development, four related spatio- 
{temporal oscillation pattems of the zebrafish’s 
segmentation clock are now distinguishable 
(Fig. 38). 

‘To test the requirement of intercellular Delta- 
‘Notch signaling for clock initiation, we sub- 
jected WT embryos to DAPT. The oscillating 
‘expression pattems of dic at 65% epibioly were 
indistinguishable from those of WT (Fig. 3, G 
and H), In contrast, embryos injected with MOs 
targeting the M/E(Sp)) genes her! and her7, 
jointly required for segmentation along the en- 
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tine axis (/5, 27), showed sustained dle expres- 
sion (Fig. 31), indicating loss of cyclic gene 
‘oscillations. Thus, the first synchronous oscil- 
lations of the segmentation clock require WE(Spl) 
transcriptional repressors, but, consistent with the 
desynchronization hypothesis (5), we found no 
evidence for a Delts-Notch requirement. 

‘Although the clock attsins intial synchrony 
Via simultancous initiation of its oscillators, ac- 
cording t Eqs. 2 and 3  coupling-dependent, 
self-organized synchronization over multiple pe- 
rods among initially unsynchronized oscillators 
(18, 20, 21) should also be possible, Embryos 
subjected to. a DAPT pulse from 4 to 15 hpf 
(Fig. 4A) showed an ALD of Squp = 6.1 + 
1.1 (V=9) (Fig. 4B) and concomitant, profound 
loss of synchrony in cells of the tailbud and 
ppresomitic mesoderm (PSM) evidenced by a 
disordered dic expression pattem (Fig. 4, C 
to F), equivalent to that in Delta-Notch mu- 
tants (5, 15, 28, 29). After DAPT washout, 
‘normal segment formation and eyclic gene ex- 
pression was recovered (Fig. 4, B to G). The 
position of the last defective segment defines a 
posterior limit of defects (PLD), which we 
estimated at Sup = 23.2 + 2.1 (-21 hp), 
indicating a recovery time of ~10 ascillation 
periods. Thus, restoration of Notch coupling is 
sufficient for self-organized resynchronization 
(18, 20, 21) of these previously desynchro- 
nized genetic oscillators, whereby both decay 
and recovery processes can be represented a & 
trajectory in a synchrony-coupling phase diagram 
(Fig. 4H, top). 

We have demonstrated two general mecha- 
nisms by which genetic oscillators can attain 
synchrony: (i) simultaneous induction and (ii) 
self-organized synchronization, which, inthe 
case of the segmentation clock, were Notch- 
independent and Notch-dependent, respectively. 
Delta-Notch mutant zebrafish embryos would 
allow screening for compounds restoring Delta- 
Notch coupling (30), with potential therapeutic 
implications for human genetic mal-segmentation 
disorders (31). These Delta-Notch mutant phe- 
notypes are now quantitatively understandable 
from the desynchronization hypothesis (5) in 
terms of the decay rate 2, that is, the difference in 
noise, 20°, and coupling strength, e (Eq, 3 and 
Fig. 4H, bottom), which determines the segmen- 
tation defect position. From the lowest ALD 
‘observed (Eq. 6) and assuming altemative cou- 
pling pathways negligible (A =0), we estimate the 
cclock's noise of 26° ~0.8 hour, consistent with 
‘our estimates of noise (J3) stemming from cell 
‘movements (5) and genetic sources. The system's 
robustness R (Eq. 9) then gives the WT Notch 
coupling strength of ewr = R20" ~ 4 hour'. 
‘Thus, by using quantitative techniques for per- 
turbation of gene function in combination with a 
Physical theory of coupled phase oscillators, we 
were able to determine the essential dynamical 
Properties that quantitatively account for a col- 
lective, morphological process in a complex 
developmental system. 
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Rapid Emergence of Baculovirus 
Resistance in Codling Moth Due to 
Dominant, Sex-Linked Inheritance 


S. Asser-Kaiser,? E. Fritsch,” K. Undorf-Spahn,” }. Kiendle,? K. E, Eberle," N. A. Gund,?* 
A. Reineke,* C. P. W. Zebitz,* D. G. Heckel, * J. Huber,” J. A. Jehle 


Insect-specific baculoviruses are increasingly used as biological control agents of lepidopteran pests in 
agriculture and forestry, and they have been previously regarded as robust to resistance development 
by the insects. However, in more than a dozen cases of field resistance of the coding moth Cycha 
‘pomonella to commercially applied C. pomonella granulovirus (CpGV) in German orchards, resistance 
ratios exceed 1000. The rapid emergence of resistance is facilitated by sex-linkage and concentration- 
dependent dominance of the major resistance gene and genetic uniformity of the virus. When the 
‘gene is fixed, resistance levels approach 100,000-fold. Our findings highlight the need for development 
of resistance management strategies for baculoviruses. 


fore than 2500 cases of insect resist- 
‘ance to chemical pesticides have been 
documented over the past 50 years 


narrow host range and high virulence make them 
‘one of the most selective pest control agents, 
widely used for the control of many agricultural 


and forestry pests including codling moth (Cydia 
‘pomonella L, Lepidoptera: Tortricidae) (6). 

One of the most suecessfil commercial 
baculovinis insecticides is the C. pomonella 
‘grinulovinis (CpGV), now a comerstone of 
codling moth contro! in both organic and 
integrated apple production, In many countries, 
CpGV products are among the very few control 
measures for this pest allowed in organic apple 
production. Without control, codling moth 
infestations can result in severe damage and 
‘complete loss of marketable fruits. In the last 3 
‘years, enigmatic field observations in organic 
‘apple orchards in Germany and France sug- 
gested that CpGV was failing to contro! apple 
damage (7, 8). 

Jn 2003-06, we undertook a systematic sur- 
vey of 13 organic orchards in southem Germany 
where the efficacy of CpGV had been reported 
as unsatisfactory. Concentration-mortality rela- 
tions were determined in 14-day bioassays to 
‘estimate the median lethal concentrations (LCs) 
of the commonly used Mexican isolate of 


(J, 2) In contrast, baculoviruses have been used 
{0 control lepidopteran pests on 2 to 3 million 
hectares per year worldwide, with high specific~ 
ity and low environmental impact and with only 
sporadic and anecdotal reports of resistance 
(3-5), Baculovirus virions are protected by a 


Fig. 1. CpGV suscept- 
bility levels of coding 
math populations from 
German orchards in 
2003-05. The LCso, in 


proteinaceous occlusion body (OB) that confers numbers of OBS per 2 mL 
‘environmental stability and allows field applica plese tow hoe 
tion with conventional insecticide sprayers. Their STN" Lt 


bioassays with neonate 
larvae. The resistance 
ratio is defined as the 
ratio of LCi values of 
resistant and susceptible 
strain. Gray columns rep- 
resent orchard-collected 
strains and white cok 
tumns, the susceptible 
laboratory strain (CpS 
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Table 1. Survivorship at day 7 and pupation at day 22 in crosses with CpGV- 
susceptible (CpS) and resistant (CpRRD) strains of codting moth, exposed to a 
discriminating concentration of 5.8 x 10* OB/ml as neonates. BC, back cross; 
f, female; m, male. Progeny genotypes are shown for two hypotheses: (2), 
single Z-nked resistance gene, or (A) a single autosomal resistance gene. R 
and S denote the resistant and susceptible alleles, respectively. Fin indicates 
the total number of families (F) and neonates (n) tested. [Exp 2] is the 
expected fraction of survivors, under the hypothesis of a single Z-Gnked 


DA), The lat two letters indicate the year of testing 
‘eared progeny from the field populations were tested the year after sampling. 
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resistance gene, with Z* fully dominant to 2°. [Exp (All is the expected 
fraction of survivors, under the hypothesis of a single autosomal resistance 
gene, with the degree of dominance of A" estimated from the response of the 
Fila survivorship. At 21 days, “males” refers to the fraction of males among 
living pupae. The chi-square value applies to the goodness-of-fit test of the 
‘observed 7-day survivorships in the four backcrosses to the expected values 
under the Z-inkage (2) of autosomal (A) hypothesis. *N.O., Sex ratio not 
observed because there were no living pupae at 21 days in this group. 


Progeny genotypes, by hypothesis Fraction of survivors, day 7 Pupation, day 21 
Strain or cross Fin 

@ w Observed (SD) Exp (Z)__Exp(A)__Pupated Males 
ps Zw, 2 WA 195 0.02 N.0.) 0.00 (0.02 0.00 NO)" 
CpRRL zw, 22" ata 10251 1.00 (0.000) 1.00 1.00 0.97 056 
Fla: CpSm x CpRRIF_——_Z*W, 292° aK 10394 057 (0.092) 050 057 0.09 1.00 
BCA: Fyf x CpRRIm ZW, 2° ATR, ATAS——-87369——1.00 (0.008) 100 8079 0.56 0.08 
BC2: Fam x CpRRIE——°W, Z*W, 2°25, 2% AYSATAS—-7270——0.73 (0.103) 075 079 0.44 058 
BC3: Fyf x CpSm Zw, 22 AAS, ATA 10/858 0.00 (0.000) 0.00 = 030 0.00 N.0)" 
BCA: Fam x CpSt Zw, 2W, 225,22 AAPA 77808—(0.47 (0.057) 0.50 030 0.25 0.09 
2,814 16 343.7 
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CpGV (9, 10). Compared with susceptible lab- 
‘oratory and field populations with LCs» valves 
of ~170 to ~970 OB/ml of antfcial diet, most 
field populations showed resistance ratios of 
~1000, and two even exceeded 10,000-fold re- 
sistance levels (Fig. 1) 

One of the resistant populations collected in 
2003 (BW FI 03) was used to establish the 
CpR strain, which was reared in the laboratory 
‘without selection by virus. It maintained a stable 
~100-fold resistance level over many genera- 
tions, compared with the susceptible strain CpS. 
‘Mass crossing experiments between CpR and 
CpS had suggested an autosomal (ie,, not sex- 
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Fig. 2. Concentration-mortality responses of 
‘neonate coding moth larvae of CpS, CpRR2, and 
Fab (CpS females x CpRR1 males) exposed to 
different concentrations of CpGV. The survivorship 
of larvae (day 7, day 14) and the effect on pupal 
development (day 21) were analyzed using Probit 
analysis. The percentage of male pupae (%emp) 
was scored at day 21. On the left side of the 
‘graphs, the survivorships in the respective un- 
treated controls (cont) are given. The dashed line 
‘marks the discriminating virus concentration 
applied to neonates (see Table 1). 
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linked), incompletely dominant inheritance of 
resistance (//). However, single-pair crosses be- 
tween CpR and CpS yielded heterogeneous 
bioassay results, indicating that CpR still con- 
tnined some susceptible individuals. To produce 
‘a genetically homogeneous strain for inheritance 
studies, offipring of single-pair CpR crossings 
(ée., families) were screened with a discrim- 
inating CpGV concentration of 58 « 10° OB/ml. 
‘This concentration caused 95 10 98% morality of 
pS and <30% mortality (on average) of CpR in 
7-day bioassays; however, single-pair CpR fam- 
ilies showed a wide range of mortalities. Progeny 
from only those families with 0% morality were 
selected and intererossed in single pairs. After a 
second round of this screening process, progeny 
from the four single-pair families with 0% mor- 
tality were used to start the homogenized CpRRI 
strain. 

Inheritance of resistance in the CpRRI strain 
\was then investigated using single-pair crosses 
with CpS. When F; offspring of 10 single-pair 
‘crosses (Fla) between CpS males and CpRRI 
females were tested at the discriminating concen 
tration, 57% survived the 7-day bioussay (Table 1) 
These findings were consistent with the auto- 
somal semidominant CpGV resistance previous- 
ly reported for CpR (1), albeit at a higher 
resistance level. However, additional crosses 
‘combined with longer and more detailed bioassays 
led to a different conclusion. If resistance were 
determined by autosomal genes, then reciprocal 
single-pair backcrosses 10 the parental strains 
should yield similar results, independent of the 
sex ofthe F, parent. As shown in Table 1, this was 
‘hot the case, and survivorship in the 7-day 
bioassay differed significantly from the hypostesis 
of autosomal inheritance (72 = 343.7, df= 4; P< 
0.0001). In C. pomonella as well as most 
Lepidoptera, the sex chromosomes are ZZ in 
males and ZW in females (12), The bioassay data 
are consistent with a dominant resistance gene 
linked to the Z chromosome enabling 100% 
survivorship of either heterozygous Z"Z° or 
homocygous fesigact 2°2" male, as well 3 
ZAW females (x° = 1.6, df = 4; P > 05). Z°Z* 
males and Z°H’ fimales would experience nearly 
100% mortality in this bioassay, consistent with 
the behavior of Cpis (Table 1). 

‘The same bioassays were observed until day 
21, when untreated control larvae and most of 
the trated CpRRI would have pupated. By this 
time, some crosses had many surviving larvae 
that had stopped feeding but not yet pupated: 
these died a few days later, still in the larval 
stage. By using morphological and molecular 
methods, most of these nonpupating larvae were 
determined to be males. The pupation success 
and sex ratio (Table 1) were also consistent with 
1 Zlinked resistance gene, with the additional 
property that most of the Z“W females and 
homozygous Z°Z* males successfully pupated, 
‘whereas heterozygous Z°Z* males. surviving 
day 7 subsequently died o¢ failed to pupate and 
never became adults. Thus, with respect to adult 
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Fitness atthe discriminating dose of 5.8 * 10* 
‘OBimil, the Z* allele is recessive, because males 
rnoed two copies to survive to adulthood. 

To explore the quantitative response of Z*Z* 
males to Virus exposure, single-pair crosses 
(Fb) between CpS females and CpRRI males 
‘were made, and bioassays were conducted at 
ight different virus concentrations. FI 
‘ny were expected to consist of only Z"Z° males 
‘and ZW females in equal proportions at hatch- 
ing, thus differing from CpRRI only in the pres- 
cence of 2°Z° instead of Z*Z* males. Mortality 
‘was scored at days 7 and 14, and the fraction of 
‘treated individuals that had pupated was scored at 
day 21 (Fig, 2). CpS survivorship showed a 
strong. virus concentration-mortality response, 
with LCs values of 1425 and S01 OBimal at 
days 7 and 14, respectively. CpRRI survivorship 
\was nearly 100% at all concentrations up to day 
14, so the LCap values could not be estimated. 
‘The LCgrbased resistance ratio of CpRRI to 
Cp is likely to exceed 10° tw 10°, Further, a 
cconcentration-dependent decrease in successful 
pupation at day 21 was evident for CpRRI. The 
fraction of males among pupae fluctuated around 
50%; thus, pupation success was dose-dependent 
but sex-independent in this strain, Mortality of 
Fb was very low by day 7, which confirmed the 
dominant action of Z" in conferring carly 
survivorship at virus concentrations that killa 
Z°ZS males. The observed mortality on day 14 
with increasing viris concentrations can be 
exclusively attributed to Z4Z* males, because 
ZAW females survive all virus concentrations 
applied in the bioassays (compare CpRR!), Even 
more strikingly, the fraction of males among day 
21 pupae decreased rapidly wih increasing. virus 
concentration as ZZ" males died or remained 
living but did not pupate; rendering them eff 
tively “genetically dead” as they did not develop 
4 adulthood. 

Thus, the surprisingly rapid emergence of 
CpGV resistance in orchard populations of 
‘eoling moth can be explained by the interaction 
fof three factors: sex-linkage, concentration- 
dependent dominance, and unifomnity of the 
solecve age. Fe, essa ecee gino 
is Z-linked, and therefore, Z"W females require 
‘only one copy of the resistance allele to survive 
‘virus exposure; this enables faster inital selec- 
tion response than the ease of autosomal in- 
hherited resistance. Second, resistance measured 
a the probability of successful pupation alter 
vimus exposure in heterozygous Z°Z* males is 
dominant at low virus concentrations (further 
‘promoting a nipid initial selection response), but 
recessive at high virus concentrations. Hence, 
when Z occurs a low frequency in an orchard 
‘population, we predict that it would be effectively 
selected for, even by low virus concentrations, 
both in Z"WV females and in 242° males as a 
dominant gene. When the resistance allele fre 
‘quency increases and virus applications are also 
increased by growers to compensate for control 
failures, the Z*Z* males enjoy an advantage over 
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Z°Z* males and Z® would continue to increase in 
frequency, because it is selected for as a 
recessive in males. Third, all commercially avail- 
able products in Europe contain the same CpGV 
isolate, which has high genetic homogeneity 
(13), Because organic apple growers rely heavily 
‘on CpGVand apply it repeatedly in each growing 
‘season, most of the organic orchards are contin- 
‘uously exposed (0 this virus isolate, Moreover, 
each OB of CpGV contains a single virion, in 
contrast to nucleopolyhedroviruses with up to 
several hundred virions per OB (14). The 
potential esistance-delaying effect of a mixture 
‘of vinis genotypes in a single infection would 
thus be much weaker for CpGV. 

The aim of insecticide-resistance manage- 
‘ment is to prevent or delay the selection of 
resistance by controlling the factors affecting 
allele frequencies in field populations. Our 
results make clear that this area of applied 
evolutionary biology is also highly relevant to 
the application of baculoviruses as biological 
control agents, Implementation of resistance 


monitoring and resistance management will be 
needed in order to sustain the ecological and 
economic benefits of this environmentally 
friendly class of biological insecticides. 
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Transcranial Magnetic Stimulation 
Elicits Coupled Neural and 
Hemodynamic Consequences 


Elena A. Allen,” Brian N. Pasley,* Thang Duong, Ralph D. Freemant 


Transcranial magnetic stimulation (TMS) is an increasingly common technique used to selectively 
‘modify neural processing. However, application of TMS is limited by uncertainty concerning its 
physiological effects. We applied TMS to the cat visual cortex and evaluated the neural and 
hemodynamic consequences. Short TMS pulse trains elicited initial activation (~1 minute) and 
‘prolonged suppression (5 to 10 minutes) of neural responses. Furthermore, TMS disrupted the 
temporal structure of activity by altering phase relationships between neural signals. Despite the 
complexity of this response, neural changes were faithfully reflected in hemodynamic signals; 
‘quantitative coupling was present over a range of stimulation parameters. These results 
demonstrate long-lasting neural responses to TMS and support the use of hemodynamic-based 
‘neuroimaging to effectively monitor these changes over time. 


he study of brain function makes use of 

various techniques to modify neural pro- 

cessing. These include neurophysiologi- 
cal, surgical, and phamacological approaches 
(). In general, these techniques may be invasive, 
imeversible, and not confined to specific brain 
areas. In contrast, transcranial magnetic stimula- 
tion (TMS) (2) provides a noninvasive, revers- 
ible, and reatively localized approach that has 
substantial promise for basic neuroscience and 
clinical applications (3, 4). In this technique, a 
‘magnetic coil placed above the scalp generates 
electric currents in the underlying cortex. As yet, 
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the manner in which these currents aflect neuro- 
nal processing is largely undetermined (3, 5). 
‘The full potential of TMS depends not only 
‘on a basic understanding of its neural effects, 
but also on the ability to make direct measure- 
‘ments of these changes in the human brain. This 
has recently been attempted by combining TMS 
with noninvasive brain-imaging techniques such 
as functional magnetic resonance imaging (FMRI) 
and positron emission tomography (PET) (6). 
These methods measure hemodynamics and 
metabolism 10 infer changes in neural activity 
based on known coupling between these varis- 
bles (7). However, in certain conditions, neural 
activity may be uncoupled from local hemo- 
‘dynamics. For example, altered brain states such 
as seizures (8) and cortical spreading depression 
(result in complex and atypical physiological 
responses that do not fit standard models of 
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neurovascular coupling, Its essential, therefore, 
to investigate both the dirvet neural effects of 
"TMS and the relationships among neural, vascu- 
lar, and metabolic parameters 

To provide an integrated view of the basic 
effects of TMS, we used several complementary 
techniques in a controlled physiological prepa 
ration, We applied short TMS pulse tans to the 
Visual cortex of the anesthetized cat (n = 8) while 
simultancously measuring tissue oxygen and 
neural activity (10-72), In separate experiments, 
we used 570-nm optical imaging of intrinsic 
signals to measure changes in total hemoglobin 
(Hb0 within the cortical vasculature (/2-14) 
Each til in our experimental paradigm (Fig. 1) 
included a pre-TMS baseline (40 s), a short 
"TMS pulse train (1 104s, 1 to 8 Hz), and a long 
recovery period (5 to 15 min) Throughout the 
trial, we alfemated visual stimulation with a 
blank screen to assess the effects of TMS on 
‘both evoked and ongoing spontancous activity 
(12), Elevation of spike rates during visual stinu- 
lation also permitted detection of signal decreases 
(12, 13). 

‘The neural effects of TMS application are 
shown in Fig. 2, A and B. An inital repeated- 
measures analysis of variance (ANOVA) on 
firing rate indicated significant main effects for 
activity state (spontaneous versus evoked, 
Fasaes ~ 65.073, P < 10") and time (1 to 
20 5 afler TMS, 30 10 90 s, oF 180 t0 210 5, 
Fossa ~ 3473, P< 0008), as well as a 
Significant interaction between these factors 
(Fass 9931, P< 0.0001) (12). Accordingly, 
post hoc tests (Wilcoxon signed-rank) revealed 
Aifferential response time courses between ac- 
tivity states. Across the population, the sponta- 
neous spike rate increased substantially (~200%) 
immediately afier TMS (Fig. 2A, left) and 
remained elevated for ~60 s (P< 0001; fig. 
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SMA; fig. SSA, left) In contrast, the evoked 
firing rate (Fig. 2A, right) showed an immediate 
decrease (~50%) and remained significantly 
suppressed. for more than S min (P < 0,001; 
fig. S4B: fig. SSA, middle). Analogous changes 
‘occurred in the power of local field potentials 
(LEPs) (Fig. 2B), although a distinction was 
evident with regard to frequency band (fig. 
SSB). Spontaneous LFP power at higher 
frequencies (~40 Hz) showed immediate enhance- 
ment, whereas lower fiequencies (<A0 Hz) ex- 
ibited a prolonged reduction, similar to evoked 
activity. This distinction is likely related wo the 
different physiological processes reflected by 
these frequency ranges (12, 16). 

To determine how neural changes are re- 
flected in metabolic and vascular signals, We 
‘examined measurements of tissue oxygen colo- 
calized with the neural recordings, A repeated- 
measures ANOVA showed a significant main 
effect for time (Fy) 224 = 56.609, P< 10°") but 
no effect for activity state (F)) 204 = 0.0001, 


Fig. 2. TMS and visual 
stimulation paradigm. (A) 
Timeline of a sample tial 
showing stimuls presenta- 
tions (green) and inter- 
stimulus intervals (ISIs) 
(purple) The visual stimulus 
was a high-contrast grating 
displayed for 2s a intervals 
of B s. TMS (gray box) was 
applied during an Isl. TMS 
pulse trains were varied in 


P > 0.98; fig. S6B). Therefore, oxygen was 
funher analyzed as a single continuous variable 
(12, 17), Post hoc Wilcoxon signed-rank tests 
revealed a biphasic response pattem for oxygen 
(Fig. 2C). An immediate increase peaked at 10 
to I5 s aller TMS (Fig. 2C, inset: P < 0.001) 
and was followed by an extended reduction 
fasting over 2 min (P < 0.01), Separate mea- 
surements of Hbt (Fig. 2D) revealed similar 
response: a peak at 10 s (Fig. 2D, inset; P< 10’) 
and a subsequent prolonged decrease (over 
1 min, P< 0,001). This independent data set 


“The above ANOVAs also revealed significant 
main effects of pulse frequency (1,4, or8 Hz) on 
neural (F445 ~ 3.522, P < 0.05) and oxygen 
(Fuyy2ze= 5.739, P< 0.005) data, This raises the 
possibility that neural and hemodynamic response 
‘Components covary with stimulation parameters. 
‘During the initial response component (<20 5), an 
increase in TMS pulse ffequency caused a 


Tee) 


frequency and duration on separate trials. Single-unit spikes (black ticks), LFP (not shown), and tissue oxygen 


(not shown) were recorded continuously activity 


during TMS was not analyzed because of artifact 


‘contamination (fig, S3AD, (B) The full TMS triak Evoked activity represents neural responses during stimulus 
Dresentations, and spontaneous activity represents responses that occurred during ISt, 


Fig. 2. Effects of TMS on 
neural, oxygen, and optical 
imaging signals. Shown 
are average time courses 
‘of (A) spiking activity, (B) 
LFP power, (C) tissue oxy- 
gen, and (D) total hemo- 
alobin (Hbt) before and 
after TMS (gray bos). All 
signals are expressed as a 
percent change from their 
pre-T™MS baselines. Shaded 
areas represent £1. SEM. 
(A) Spontaneous (left) and 
evoked ight) spiking ac- 
tivity (@ = 47 cells. (6) 
Spontaneous (left) and 
evoked (right) LEP power 
(n = 42 sites) (C) Tissue 
‘oxygen (n = 21 sites). (0) 
Hbt (n = 3 animals). Insets 
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{in (Q and (0) show initial = 
increases. Time periods 
containing TMS artifacts 
were removed (fig. $38). In (D), Hbt was measured 


700 


‘re 6) 


700 


by recording the change in 570-nm light reflectance 


(ARIR) from the cortical surface (upper right); scale bar, 1. mm. 
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‘monotonic increase in the amplitude of the early 
‘oxygen peak and the level of spontaneous neural 
firing (Fig. 3A, upper right quadrant), At later 
time points (30 t0 90 5), reductions in both tissue 
‘oxygen and evoked spiking were larger with 
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Fig. 3. Covariation between neural and oxygen 
data. (A) Changes in spiking activity and oxygen as, 
«a function of TMS pulse frequency. Neural activity 
was indexed by spontaneous spiking during the 
initial phase (0 to 20 s after TMS) and by evoked 
spiking during the Later phase (30 to 90s) (25). Eror 
bars in this and subsequent panels represent +1 
‘SEM where error bars are not visible, the error 
‘was smaller than the plot symbol. (B) Time-lag 
correlation between oxygen and neural signals 
(left: spiking activity, n = 127 trials; right: LEP 
power, 1 to 150 Hz, n = 77 trials). Positive time 
lags indicate a shift of the neural signal forward in 
time relative to the oxygen signal. Neuratoxygen 
correlations were performed for evoked spiking 
‘and LFP activity (green) and for spontaneous LEP 
signals (purple); a similar analysis with spontane- 
‘ous spiking could not be performed because of low 
baseline firing rates. Correlation coefficients above 
‘the dashed lines are significant aver the popuila- 
tion (P< 0.05, t test. Asterisks denate correlations 
‘at positive time lags that are significantly greater 
than those at negative delays (P < 0.05, paired 
{ test). (C) Neural-oxygen correlation magnitude 
‘across bands. LFP bands are defined as follows: 6 
(delta; 1 to 4 Hz), 0 (theta; 4 to 8 Ha), « (alpha; 8 
10 12 He), B (beta; 12 to 20 H2), y (gamma; 20 to 
80 Hz), hy (high-gamma; 80 to 150 H2), all (to 
150 Hz). (D) Neural-orygen correlation latencies 
across bands. 
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higher pulse frequencies (Fig. 3A, lower left 
quadrant), A more limited data set for pulse train 
duration showed an analogous trend (fig. S7B). 
‘These data suggest that the physiological effects 
of TMS increase in a dose-dependent manner 
‘within this regime of TMS application, 

‘The relationship between decreases in oxy- 
‘gen and neural activity is consistent with recent 
studies of negative hemodynamic responses 
(18, 19). However, reductions in oxygen may be 
4 cause of neural suppression rather than a con- 
sequence. In this scenario, normal neural func- 
tion would be limited by hypoxic conditions 
(12) To investigate this possibility, we performed 
1 time-lag cordation analysis of simultaneously 
acquired neural and oxygen data (fig. $8). Both 
spike nue (Fig. 3B, let) and LEP power (Fig. 3B, 
right) showed significant correlations with oxy 
‘gen across a broad range of time lags (P < 0.05, ¢ 
test), Notibly, corlation coefficients were sig- 
nificantly greater at time lags in which the neural 
signal was shifted forwand in time (P < 005, 
paired # test), Furthermore, LFP-oxygen correla- 
tions were band-specitic with regard to: magni- 
tude and latency. Gamma and high-gamma bands 
exhibited the strongest comelations (Fig, 3C), as 
reported in previous studies of hemodynamic cou 
pling (20). Higher-frequeney bands also exhib- 
ited peak comations at shorter latencies (Fig. 
3D), This rend, which was most pronounced for 
spontaneous activity, resulted fiom initial re 
sponse increases present in higher-fequency but 
not lower-fequency bands (Fig. 2B, lett). These 
analyses, along with additional experiments (fig. 
'$9) (/2), suggest that oxygen responses follow 
‘noural activity in manner consistent with neuro 
vascular coupling (2-24), 

A striking aspect of our data is the tong 
duration of neural and hemodynamic changes 
‘given the short application of TMS, Although 
‘most human studies using similar stimulation 


Fig. 4. Effects of TMS on fy Wan mse Locen 


spike timing relative to LEP 
‘oscillations. (A) tlustration of 
phase locking between spikes 
(red) and LFP (black). During 
‘periods of high phase locking 
(top), spikes occur at consist 
‘ent phases in the LEP (left), 
and the resulting phase dis- 
tribution is narrow (right. (B) 
Example of a TMS-induced 
‘change in phase locking. Be- 
fore TMS (blue), spontaneous 
spikes occur more frequently at 
preferred phases of theta-band 


gi. 


APhase locking 
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paradigms have demonstrated short-term effects, 
several studies have noted changes in cortical 
excitability on the onder of minutes (25, 26). 
Human studies using longer<duration stimula- 
tion have shown effects lasting hours or even 
days (27, 28). Such long-term changes in neural 
function are thought to develop via spike 
timing-dependent plasticity (27, 29, 30). Nota- 
bly, alterations in synaptic efficacy have been 
linked to changes in the temporal relationship 
between spikes and LFP oscillations (37, 32). 
To examine our data for a Link between spike 
timing and long-term neural changes, we per- 
formed an additional analysis of phase rcla- 
tionships between single-unit spikes and LFP 
‘oscillations (/2, 33). For pre-and post-TMS time 
windows, we quantified the degree of phase 
locking fom the distribution of LFP phases at 
hich spikes occurred (Fig. 4A). A striking ex- 
ample of TMS-induced changes in phase distr- 
butions is shown for spontancous activity in Fig, 
4B. Compared to the pre-TMS baseline (blue), 
spike timing relative to the theta oscillation was 
strongly desynchronized, as evidenced by the 
increased spread of the distribution after TMS 
(red). Across all frequency bands, spontancous 
activity showed significant reductions in. phase 
locking within the first 30 s after TMS (Fig. 4C, 
left, P < 0.05, randomization test), By 90 s, this 
index approached baseline values, and in the 
gamma band it actually exhibited a significant 
increase (P< 0.05). Somewhat similar effects 
\were present in evoked activity (Fig. 4C, righ. 
Phase locking 10 oscillations in the delta band 
ere strongly reduced, whereas increases were 
present in both the gamma and high-gamma 
bands (P'<0.05). The capacity of TMS to disrupt 
precise timing of signals between interconnected 
nicurons advocates its ability o alter brain plas- 
ticity (27, 29,30) ina number of ncuropsychiatric 
contexts (4). 
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‘oscilation. In the first 30 5 
after TMS (red), the phase 
distribution broadens, indicat- 


Teak yw 8 
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LP band 


‘ng a decrease in phase locking. (C) Changes in phase locking across LFP frequency bands for spontaneous 
(left) and evoked (ight) activity. Change in phase locking was determined by comparing the vector strengths 
{one minus the circular variance) of phase distributions before and after TMS. Light bars show changes in the 
first 30 s after TMS; dark bars show changes at 60 to 90 s. Asterisks indicate significance (P < 0.05, 


randomization test. 
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Consistent with previous work (29, 34, 35), 
‘our results reveal long-lasting neural and hemo~ 
dynamic consequences of TMS that covary with 
stimulation duration and frequency. In contrast, 
‘other studies have reported a distinction where- 
bby low-frequency stimulation (<1 Hz) causes 
suppression and high-frequency stimulation 
(28 Hz) leads to facilitation (5). However, this 
division appears to be oversimplified (5, 36). 
‘The precise effects of brain stimulation are fun- 
damentally dependent on many factors (37). 
For example, several groups have found that 
identical TMS paradigms elicit opposite physi- 
ological effects when applied 10 neighboring 
cortical regions (34, 38) oF different subjects 
(36). Within a single site, TMS can produce dif- 
ferential effects depending on the activity state 
o which stimulation is pained (36, 39). Such 
reports of variability and statedependence reveal 
the complex action of TMS, yet also hint at its 
‘potential flexibility as an interventional technique. 

Hamessing this potential requires the ability 
to measure the precise neural effects of TMS 
‘over different brain regions and time intervals. 
‘Our findings show that TMS-induced modifica 
tions of neural activity are readily observed in 
cerebral hemodynamics, which can be detected 
bby standard neuroimaging techniques, This re- 
‘sult confirms recent combined TMS-IMRI studies 
in which correlations were reported between 
TMS-induced behavioral changes and hemo- 
dynamic signals in functionally related brain 
regions (39, 40). The capacity of brain imaging 
o monitor the temporal progression of physio- 
logical changes induced by TMS may prove 
highly beneficial for the development and op 
mization of both basic neuroscience and clinical 
applications. 
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Genomic Minimalism in the 
Early Diverging Intestinal Parasite 


Giardia lamblia 
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The genome of the eukaryotic protist Giardia lamblia, an important human intestinal parasite, is 
compact in structure and content, contains few introns or mitochondrial relics, and has simplified 
machinery for DNA replication, transcription, RNA processing, and most metabolic pathways. Protein 
kinases comprise the single largest protein class and reflect Giardia’s requirement for a complex 
signal transduction network for coordinating differentiation. Lateral gene transfer from bacterial and 
archaeal donors has shaped Giardia’s genome, and previously unknown gene families, for example, 
cysteine-rich structural proteins, have been discovered. Unexpectedly, the genome shows little 
evidence of heterozygosity, supporting recent speculations that this organism is sexual. This genome 
sequence will not only be valuable for investigating the evolution of eukaryotes, but will also be 
applied to the search for new therapeutics for this parasite. 


iandia lamblia (syn. G. intestinalis, G. 
Gieis isthe most prevalent para- 
siticprotist in the United States, where 
its incidence may be as high as 0.7% (1). World- 
Wide, giardiasis is common among people with 
poor fecal-oral hygiene, and major modes of 
transmission include contaminated water sup- 
plies or sexual activity. Flagellated giardial 
{tophazoites atach to epithelial cells of the small, 
intestine, where they can cause disease without 
triggering a pronounced inflammatory response. 
‘There are no known virulence factors of toxins, 
and variable expression of surface proteins may 
allow evasion of host immune responses and 
adaptation to different host environments, Troph- 
‘ozoites can differentiate into infectious cysts that 
are transmitted through feces. 
Unusual features of this enigmatic protistin- 
clude the presence of two similar, tanscription- 
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ally active diploid nuclei and the absence of 
milochondria and. peroxisomes. Giardia is a 
member of the Diplomonadida, which includes 
both free-living (e.g, Trepomonas) and parasitic 
species. The phylogenetic postion of diplomonnds 
and related excavate taxa is perplexing. Ribosomal 
RNA (&RNA), vacuolar ATPase (adenosine trphos- 
phatase), and clongation factor phylogenies iden- 
tify Giardia as a basal eukaryote (2-4). Other 
gene tees position diplomonads as one of many 
cukaryotic lineages that diverged nearly simulta- 
neously with the opisthokonts and plants. Dis- 
‘coveries of a mitochondial-ike cpn60 gene and 
4 mitosome imply that the absence of respiring 
mitochondria in Giardia may reflect adaptation 
to a microaerophilic life-style rather than diver- 
gence before the endosymbiosis ofthe mitochon- 
drial ancestor (5, 6). Because of its impact on 
human disease and its relevance to understanding 


the evolution of eukaryotes, we embarked upon a 
‘genome analysis of G. lamblia 

‘The genome of G. lamblia WB clone C6 
(ATCCS0803) is ~11.7 MB in size, distributed on 
five chromosomes, The edited draft genome se~ 
‘quence contains 306 contigs on 92 scaffolds 
(Supporting Online Material), The genome is 
compact. We identified 6470 open reading 
frames (ORFs) with a mean intergenic distance 
‘of 372 base pairs (bp) (Table 1). Approximately 
77% of the assembled sequence defines ORFs, of 
\which 1800 overlap and 1500 more are within 100 
nucleotides (nt) of an adjacent ORF. Serial anal- 
ysis of gene expression (SAGE) and cDNA se 
‘quences provided transcriptional evidence for 
4787 of these ORFs (Supporting Online Material). 

Although the total nurnber of ORFs is similar 
to that of yeast, many specific giardial pathways 
appear simple in comparison with those of other 
‘eukaryotic onzanisms. Giaria’s genome encodes 
‘4 simplified form of many cellular processes: 
fewer and more basic subunits, incorporation of 
single-domain bacteril- and archaeal-like en- 
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zymes, and a limited metabolic repertoire com 
‘monly observed in parasites. We did not detect 
these missing components in searches of assem- 
bled and unassembled reads: however, they may 
bbe highly divergent and difficult to recognize. 
Others may be nonessential or functionally re- 
<dundant with other proteins in the same or another 
pathway. The host may provide essential meta- 
bolic products for an incomplete pathway, but this 
is a highly improbable explanation for missing 
structural proteins or subunits of core machinery. 

DNA synthesis, transcription, RNA process- 
ing, and cell cycle machinery are simple (Fig. 1). 
The occurrence of only two origin recognition 


complex proteins (Ore and Orel/Cde6) in 
Giardia and the absence of regulatory initiation 
proteins (e.g, Catl, Dpbll, CdotS, MCMIO, 
‘and Gemini) are comparable to Archaea. Giardia 
has three replicative Btype DNA polymerases 
(Pola, Pol, and Pole). The occurence of four 
subunits in Giardtia’s Pola/primase complex is 
typical of other eukaryotes, whereas the compo- 
sitions of Pole and Pold resemble the come- 
sponding polymerases in Archaea. Most giardial 
DNA polymerase accessory proteins are typically 
eukaryotic. 

Relative to Saccharomyces, Gianlia has re- 
tained most of the RNA polymerase I (RNAPD, 


Table 1. Comparison of eukaryotic genome content and organization. 


RNAPIL and RNAPII core peptides. Seven 
[proteins are missing, but six of these are unique 
subunits that occur in only one RNAP (7). 
Moreover, Giardia contains only 4 of the 12 
transcription initiation factors present in Saccha- 
‘romces. The absence of polymerase core pep- 
tides is unlikely to be duc to our failure to 
recognize highly diverged homologs in Giardia, 
‘because the missing proteins represented RNAP- 
specific elements rather than a random samplin 
‘of both shared and unique RNAP subunits. 
Absence of homologs to many of the unique 
subunits required for transcription is consistent 
with an evolutionary model hypothesizing. that 


Saccharomyces Plasmodium — Trypanosoma Leishmania Entamoeba _—_Encephalitozoon Trichomonas Giardia 
cerevisiae __ falciparum brucei major histolytica cuniculi vaginalis lamblia 

Size (MB) RS 28 261 32.8 24 23 =160 1.7 

%G4C content 383 19.4 46.4 59.7 25% 476 32.7 49.0 

Proteins encoded 5770 5268 9068 ere 9938 197 25,949 6470 

‘Mean CDS (hp) 1424 2283 1592 1901 1170 1077 929 1283 

‘Mean intergenic 515 1694 1279 2045 1245, 129 1165 372 
distance (bp) 

Gene density, 048 023 032 025 0.41 097 034 0.58 
per kbp 

Introns am 7406 1 o 2500 2 65 4 

predicted 
‘tRNAs 25 “ 65 83 Subtelomeric “4 479 8 
arrays 
Fig. 1. Comparison of Initiation of DNA replication Initiation of transcription Polyadenylation 


selected multiprotein 
complexes between 
Giardia and the yeast 
Saccharomyces cerevisiae. 
Initiation of replication: 
‘Multiple initiator pro- 
teins assemble at the 
‘origins of replication in 
S. cerevisiae during the 
cell cycle. Giardia has 
{ewer origin recognition 
proteins (Ore) and most 
of the initiators of the 
pre-initiator complex. 
Initiation of transcrip- 
tion: Transcription in S. 
cerevisioe i initiated by 
the pre-initiation com- 
pilex (PI) consisting of 
the RNAPII core complex 
(22 subunits) and gen- 
eral transcription factors 
containing several sub- 
units: TRIA (2), TFB (1), 
TFIID (TBP plus14 TAF), 
TRI (3), TENE (2), TF 
(20), and the Mediator 


Giardia 


Yeast 


Se, 
—— 


&., 


(24), These factors recognize DNA elements in the prometer, including the 
upstream activating sequence (UAS), the TATA box, the initiator element ONR), 
and the downstream promoter element (DPE. Giardia promoters have an AT- 
‘ich initiator element and lack many of the general transcription factors. 
Polyadenylation: The polyadenylation complex in S. cerevisiae recognizes an 
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AlU-rich sequence, and itcontains at least 25 proteins and the largest subunit of 
RNAPII with its Cterminal domain (CTD). The preferred polyadenylation signal 
in Giardia 's AGTAAY, and Giardia has very few of the yeast polyadenylation 
proteins and a diverged CTD. Ythi corresponds to CPSF30 and Vsh1 corresponds 
to CPSF73 in mammals. 
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class-specific polymerase subunits arose after the 
divergence of diplomonads. 

‘AX single intron with a noncanonical S* splice 
site was identified in a 2Fe-2S ferredoxin gene, 
along with components ofthe splicensome (8). We 
‘generated trphozoite CDNA and examined align- 
‘ments of conserved proteins 10 identify other 
possible introns. We found three candidates, in 
‘genes for ribosomal protein L7A, a dynein light- 
chain protein, and an unknown protein. Two were 
confimmed by reverse: transcription- polymerase 
chain reaction, and the RPL7A intron was 
independently reported (9). These new candidates 
show canonical GT/AG splice sites and contain an 
AC-epeat motif, [ACICTIGAJACIACICACAG 
(fig, S1}. The AC-repeat motif is very like that 
common to Trichomonas introns [ACTAACA- 
CACAG (10), suggesting « shared splicing 
‘mechanism, An intron has also been reported in 
the excavate Carpediomonas (11). 

Giardia’s machinery for RNA processing 
is less complex than that of other eukaryotes, 
but the presumed polyadenylation signal 
(AGUAAA) (J2) resembles that of other 
cukaryotes (AAUAAA), Searches for Giardia 
sequences that are similar to the many poly- 
adenylation factors in yeast and other cukary- 
‘otcs identified relatively few homologs (Fig. 1). 
Giardia bas a relative paucity of enzymes for 
pposttranslational modification, Like Plasmodium, 
it lacks the vast majority of genes encoding 
glycosylinansferases and 50 makes the shortest 
[Neglyean precursor yet identified, dolichol-PP- 
GleNAcy (13). Giardia, like Trypanosoma snd 
Archaea, has a single-subunit oligosaccharyl- 
transferase for transferring N-glycans from the 
lipid precursor tothe peptide (/4), compared with 
eight in yeast and humans. Unlike most cukary- 
fotes, Giardia has an_ N-glycan-independent 
quality-control system for protein folding (eg., 
chaperones, protein disulfide isomerases, and 
peptidyl-proyl cis-trans isomerases) and protein 
dogradation. Giardia has fewer nucleotide sugar 
transporters than any other eukaryotic genome, 
including just one for uridine 5’-diphosphate 
(UDP)-GleNAc (/5). Giardia is missing the set 
of glycosyltransferases that typically modify N- 
and O-linked glycans in the Golgi lumen. 
Instead, Giantia has a cytosolic glycosyltrans- 
frase, rare among protists, which adds O-linked 
GleNAc to Ser and Thr of cytosolic proteins 
US). 

Giardia bas a conventional endoplasmi 
reticulum (ER) with conserved chaperones 
(BiP, Hsp90, Dnal), but is unusual in having 
five protein disulfide isomerases, each with only 
a single active site (76), and in lacking the Erol 
protein that drives disulfide formation in the ER 
lumen, Membrane transport in Giardia is unlike 
that of other parasitic protazoa (/7, 18). Despite 
the highly polarized cell structure, there is: no 
conclusive evidence for a stacked Golgi ap- 
pparatus or cistemae for posttranslational mat- 
‘uration of secretory cargo except in encysting 
trophozoites. Only a fw Rabs, SNARES (soluble 
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.N-ethylmaleimide-sensitive factor attachment pro- 
tein receptors), and a small number of adaptor 
protein (AP) complexes participate in vesicle 
docking and membrane fusion. Unlike all other 
ccukaryotes that have at least three AP complexes, 
Giardia encodes only two. The presence of cnly 
two APS with no indication of pseudogenes or 
‘orphan subunits argues for a simple membrane 
transport system in Giardia. 

‘Tworounds of cytokinesis, accompanied by a 
single round of nuclear division, occur during 
excystation. Giardia’s wanscriptionally equiva- 
lent nuclei must synchronously divide in troph- 
‘ozoites and form quadrinucleate, 16N cysts (19). 
The presence of homologs to yeast Cin8, polo 
kinase, aurora kinase, and antiparallel micro- 
tubule bundling proteins suggests that the noc- 
essary spindle apparatus machinery is present. 
We identified giandial homologs of several mi- 
{otic exit network (MEN) proteins, indicating that 
regulation of cytokinesis in Gianlia may be 
similar to that of yeast in which MEN coordinates 
nuclear division with cytokinesis. Homologs of 
actin, cyclin-dependent kinases, and the mitotic 
cyclins A and B are present in Giardia, How- 
ever, the lack of myosin indicates thatthe actin- 
myosin cleavage furrow previously found in all 
cukaryotes is not present in Giardia, Possibly a 
nonmyosin, adhesion-dependent cytokinesis 
‘mechanism exists in Giardia, as in some mutants 
‘of Dictyostelium (20). 

Like many other microserophilic eukaryotic 
panssites, Giardia exhibits a limited metabolic 
repertoire. There are essentially no homologs for 
enzymes in the Krebs cycle and, except for well- 
known scavenging pathways, no evidence of 
vestigial genes associated with purine and pyri 
‘dine biosynthesis. Amino acid metabolism is 
even more limited, although all tRNA. synthe- 
fases are present. For lipid metabolism, the 
Giardia genome contains enzymes capable of 
limited fatty acid extension and sphingomyelin 
assembly, as well as phospholipid headgroup ex- 
‘change and modification. Although not sufficient 
for de novo synthesis of lipids, these enzymes 
allow for remodeling of membrane components. 

Glycolytic activities associated with enzymes 
involved in hexose processing and the inter 
‘conversion and phosphorylation to fructose-1,6- 
phosphate glycolysis are more similar to bacterial 
than to higher cukaryal homologs (Fig. 2) (21). 
Some of these bacterial-like proteins share 
similarity with genes in Entamoeba and Tricho- 
‘monas (table $3). Yet, the predicted origins of the 
sequences appearto be independent of each other 
and are not associated with a particular bacterial 
group. 

Giardia metabolizes arginine by the anaer- 
‘bic arginine dihyerolase pathway (Fig. 2), orig- 
inally deseribed in bacteria but unknown in 
‘eukaryotes other than Trichomonas (22). Angic 
nine deiminase, omithine carbamoyltransferase, 
and carbamate kinase generate ammonia, omi- 
thine, and adenosine $"-triphosphate (ATP), and 
all three archacal-like enzymes are highly ex- 
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pressed. Trophozoites thus deprive host intestinal 
epithelial cells of arginine for nitric oxide bio- 
synthesis and thereby dampen innate defenses 
(23, 24, During eneystation, Giardia synthe- 
sizes UDPGalNAc from fructase-6-phosphate 
by an unusual, five-enzyme bacterial-like 
pathway (Fig 2). Many eukaryotes use the first 
‘enzyme, glucosamine-6-phasphate isomerase, to 
‘generate glucossmine-6-phosphate from fructose- 
‘6-phosphate and ammonia for glycolysis. Instead, 
Giardia uses ammonia from arginine metabolism 
to drive the synthesis of glucosamine-6- 
phosphate for cyst wall polysaccharide bio- 
synthesis. Although Giardia is. microaerophilic 
and consumes oxygen, it lacks the conventional 
‘enzymes superoxide dismutase and catalase for 
detowitying reactive oxygen species (25). 
Motility and attachment to host cells are 
essential for the parasitic lifestyle of Giardia. 
“The microtubule cytoskeleton organizes Giardia’s 
‘eight basal bodies and flagella, as well as other 
structures unique to the genus, including the ven- 
tral disk and median body (table S4), The gianial 
‘eytoskeleton undergoes dramatic changes through 
‘out the life cycle, General signaling proteins 
(protein kinase A, Erk kinase, calmodulin) and a 
protein phosphatase localize to the basal bodies, 
pparaflagellar dense rods, and disk, The basal 
bodies may act as a control center that 
dinates the other cytoskeletal structures during 
‘growth and differentiation, The microtubule sys- 
tem is well conserved and includes all five tubulin 
forts, proteins involved in microtubule modifica 
tion, organization, and assembly (centins, tubulin 
specific chaperanes, tubulin tyrosine ligase). There 
are coding regions for microtubule motor proteins, 
including kinesins and 12 dynein heavy chains, 
‘The most notable departure from conserved 
cytoskeletal structure is the absence of eytoplas- 
mic dynein and the divergent nature of the micro- 
filament cytoskeleton, The genome contains 
single actin gene, yet does not encode other clas- 
sical microfilament proteins. On the basis of 
sequence similarities, the three genes encoding 
sctin-related proteins participate in chromatin 
remodeling, rather than cytoskeletal structure. 
‘The absence of classic microfilament-associated 
proteins extends to actin modification, organiza 
tion, and assembly proteins. In contrast to studies 
that used heterologous antibodies (26, 27), per 
missive searches of the Giardia genome failed to 
identify actinsassociated proteins, myosins, oF 
‘any members of the microfilament-specific mo- 
{or protein family (28). Trichomonas, which may 
bbe a sister lineage, also lacks myosin, Either 
novel, divergent proteins substitute functionally 
for the missing protcins or altered cytoskeletal 
dynamics accommodate their absence. Giardia 
contains several unusual cytoskeletal protein 
families including a-giardins (annexin homo- 
logs), B-giardins (strated fiber assemblin homo- 
logs), the GASP-180 family (29), and several 
microtubule-associated coiled-coil proteins. 
Giantia has 276 putative protein kinases 
(fig. $2) including members from 43 of the 61 
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primordial kinase subfamilies present in wide 
ly diverged eukaryotes (ciliates, fungi/metazoa, 
plants, Dictyosteliton). Trichomonas also has a 
‘greatly expanded kinome, which might reflect 
their putative sister relationship or common- 
alities in the parasitic life-style, Giardia has no 
tyrosine specific or histidine kinases. Most nota- 
ble is that 180 (~70%) of the putative giardial 
protein kinases belong to the NIMA (Never in 
Mitosis Gene A)-Related Kinase (NEK) family, 
sand that 137 of them are predicted to be cat- 


alytically inactive. By contrast, most organisms 
have fewer than 10 NEK kinases. 

This non-NEK kinome is the most compact 
known from any eukaryote, and so itis of specific 
functional and evolutionary interest in defining the 
minimal eukaryotic kinome. Broad-spectrum sig- 
nal transduction proteins gain specificity by lo- 
calization to specific cellular target structures. 
Entanoeba histolytica, another intestinal proto- 
oan parasite, has >80 putative transmembrane 
kinases (30), but in stark contrast, only four pre- 


dicted giandial kinases have transmembrane 
domains. Giardial kinases may have other means 
of targeting: many have either ankyrin repeats 
(29), coiled-coiled domains, or both, which may 
allow for specific localization the cell. 
Protein dephosphorylation is also critical in signal 
transduction networks, Giandia has ~32 predicted 
‘protein phosphatases, but only one is predicted to 
be membrane associated, 

Giardial protein sequences commonly show 
insertions of amino acids when compared to theit 


Fig. 2. Glucose, pentose-phosphate, and arginine metabolism in Giardia. 
Color coding denotes similarity to archaeal homolog (red), bacterial homo- 
‘og (purple), or eukaryal homolog (blue). Black indicates that no homolog 
was found. Abbreviations and Enzyme Commission numbers: 6PGL, 6- 
phosphagluconolactonase, 3.1.1.31; ACYP, acylyphosphatase, 3.6.1.7; 
ADI, arginine deiminase, 3.53.6; ARGS, arginy-tRNA sythetase, 6.1.119; 
‘carbamate kinase, 2.7.2.2; DERA, deoxyribose-phosphate aldolase, 4.1.2. 
ENO, enolase, 4.2.1.11; FBA, fructose-bisphosphate aldolase, 4.1.2.13; G6PD, 
‘glucose-6-phosphate dehydrogenase, 1.1.1.49; GAPDH, olyceraldehyde-3- 
phosphate dehydrogenase, 1.2.1.12; GCK, glucokinase, 2.7.1.2; GNPDA, 
‘glucosamine-6-phosphate deaminase, 3.5.9.6; GNPNAT, glucosamine 6- 
Phosphate N-acetyltransferase, 2.3.1.4; GPI, glucose-6-phosphate isomerase, 


28 SEPTEMBER 2007 VOL 317 


5.3.1.9; NOS, nitric oxide synthase, 1.14.1339; OCD, ornithine cyclodeaminase, 
4.3.1.12; OCT, omithine carbamoyltransferase, 2.1.3.3; ODC, ornithine 
decarboxylase, 4.11.17; PFK, phosphofructokinase (pyrophosphate-based), 
2.7.1.90; PGAM, phosphoglycerate mutase, 5.4.2.1; PGD, phosphogluconate 
Sehydrogenase, 1.1.44; PGK, hosphooycerate kinase, 2.7.23; PGM, phospho- 
xcetylglucosamine mutase, 5.4.2.3; 
PK, pyruvate kinase, 2.7.1.40; PRO-S, prolylRNA synthetase, 6.1.1.15; PRPPS, 
phosphoribosylpyrophosphate synthetase, 2.7.6.1; RBKS, ribokinase, 2.7.1.15; 
RPE, ribulose-phosphate 3 epimerase, 5.1.3.1; RPI, ribose-5-phosphate isomerase, 
5.3.1.6; IK, transketolase, 22.11; TP|,triose phosphate isomerase, 5.3.1.1; UAE, 
UDP-A-acetyiglucosamine 4-epimerase, 5.1.3.7; UAP, UDP-NV-acetylglucosamine 
diphosphorylase, 2.7.7.23. 
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homologs in other organisms (fig. $3). We gen- 
erated protein alignments for 1518 proteins and 
scored the alignments for the presence of inser- 
tions in the giardial protein relative to others. We 
found in-frame amino acid insertions in 44 ORFs 
(not attributable t alignment ambiguities) with 
‘an average of 1.5 insertions per ORF. The inser- 
tions ranged in size from 8 (our lower cutoff 
Value) to 101 amino acids, with an average of 20. 
To determine whether this was an unusually high 
frequency, we examined 54 protein alignments, 


for which sequences were available from several 
‘other eukaryotes (Chlamydomonas, Cryptococcs, 
Dictyastelium, Encephalitozoon, Entamoeba, 
Leishmania, Mus, Phytopthora, Plasmodium, 
Saccharomyces, Thalassiosira, Trichomonas, snd 
Trypanosoma; Supporting Online Material). 
Giardia sequences showed 15 insertions in 11 of 
the $4 proteins; the number of insertions detected 
for the other organisms ranged from 0 to 6 
(Plasmodium) (Table 2). Sequence analysis of 
siandial CDNAS that overiap many of these inser- 


Table 2. Amino acid insertions detected in alignments of conserved proteins. 


Organism Proteins Total no. of Insertion size range 
insertions’ (amino acids) 
Chlamydomonas Ribosomal protein $13, DNA-diected RNA 4 21-434 
polymerase subunits 
Cryptococcus —_RadS1, Omcib, serine palmitoy transterase, 4 44 
‘quanosine triphosphate (GTP)-binding protein 
Dictyostelium Ribosomal protein L9, DNA-directed RNA 3 18-464 
polymerase subunit, DNA topoisomerase Il 
Encephalitozoon ATP-dependent RNA helicase, NA-directed 2 8 
RNA polymerase subunit 
Giardia ‘TyrosyL-tRNA synthetase, tryptophanyt- 5 8-81 
RNA synthetase, US small nuclear 
riboprotein, ubiquitin activating enzyme 
1, poly(A) polymerase, 
nak, MCM3, DNA-directed RNA 
polymerase subunits, RNA helicase, 
nucleolar GTP-binding protein, 
NA topoisomerase It 
Leishmania Teyptophanyl-tRNA synthetase, RNA 4 15-47 
helicase, MCM3, DNA topoisomerase It 
Mus RNA helicase 1 %6 
Plasmodium —_Ubiquitin-activating enzyme E2, serine 6 12-86 
palmitoyl transferase, GTP-binding protein, 
DNA-directed RNA polymerase subunit, 
vacuolar ATPase subunit, RNA helicase 
Thalassiosira GTP-binding protein, DNA topoisomerase 3 a3 
TCP-1 chaperonin subunit 
Trichomonas 26S proteasome subunit, y-tubutin 2 8 
Trypanosoma __US snkP, GTP-binding protein, RNA helicase 5 8418 
“Multiple insertions cuted In some proteins 
‘Scaffold, chromosome 5 


tha thot+ 


1 


Titi 


‘Scaffold, chromosome 4 


to ee te ‘Scaffold, chromosome 2 


shes 


o 300 


2000 2500 3000 


Fig. 3. Locations of VSP and other high-cysteine proteins on assembly scaffolds. From the top, 
scaffolds are from chromosome 5, chromosome 4, chromosome 3, and chromosome 2. Red lines 
indicate high-cysteine proteins (HCNCp, HCMp, HCp) and blue lines indicate VSPs. The x axis is 
scaled in kilobase pairs. 


www.sciencemag.org 


REPORTS If 


tions demonstrates that they donot represent 
introns. The functions of these unusual insertions 
‘remain to be determined, although when we ex- 
‘perimentally deleted an insertion in giardial aurora 
kinase and measured protein production, we ob- 
served decreased protein stability (Supporting 
‘Online Materia), 

Giardial trophozoites survive in an environ- 
ment of host digestive enzymes and bile. A dense 
single molecular layer of a variant-specific sur- 
face protein (VSP) covers the membrane and 
likely protects the trophozoites. Clonal VSPs on 
individual wophozoites switch to new VSPs 
‘every 6 to 13 generations (3/). VSPs vary in se- 
‘quence and size; all are cysteine-rich (about 12%) 
with frequent CXXC motifs. Each has an N- 
temninal signal peptide and characteristic C 
terminus including a membrane-spanning region 
terminating in CRGKA and an extended polyad- 
‘enylation signal, Unlike surface proteins asso- 
ciated with immune evasion in other parasitic 
protsts (32), giardial VSP_genes distribute to 
many noncontiguous locations on all chromo 
somes (Fig. 3), and they are activated or ina 
vated in sity with no evidence for associated 
rearrangement or sequence alteration. VSPS 0c- 
‘cur at only two of the telomeres where they are 
truncated by TTAGG telomeric repeats, suggest- 
ing that they are pseudogenes. We estimate 
Giardia's VSP repertoire at 235 to 275 genes 
(table $5). VSPs frequently cluster as Wo 10 
genes in head-to-tail orientation, intergenic dis- 
tances between members of a cluster can be very 
short, with the S' end of one VSP overlapping 
with the 3" end of a second. 

In addition to the VSPs, we found «wo other 
classes of cysteine-rich proteins (Fig, 3) (33). 
‘There are 61 HCMps (high-cysteine membrane 
proteins) with 10% or more eysteine and 20 oF 
more CXXC or CXC motifs. They lack the 
CRGKA tail, and their single membrane- 
spanning domain diverges from the VSPs. No 
‘additional Icucine-ich repeat cyst wall proteins 
(CWPs), beyond those previously identified, 
were found, 

Giardia encodes 149 proteins that are promise 
ing dnig targets, as defined by Hopkins and 
Groom (34). As might be expected, these in- 
clude a large subset of the kinases, e.g, TOR 
(target of rapamycin) (table $6). 

‘When attached to the surface ofthe intestinal 
‘mucosa, Giardia trophozoites have ample oppor 
tunity to pick up genes from bacteria and to 
scavenge products of host and bacterial metabo- 
lism. Like that of both Trichomonas and 
Entamoeba, Giardia’s genome contains many 
lateral gene transfer (LGT) candidates, indicating 
that LGT has played an important role in shaping, 
Giardia’s genome and metabolic pathways. We 
initially identified ORFs with similarity to bac 
terial of archseal proteins at a BLAST signi 
‘cance level of e"” or better within the top 10 hits, 
Of these, ~100 had multiple bacterial or archacal 
‘homologs ata significance level of e~ or better 
within the top 20 matches (table $3). These 
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include proteobacterial-like DnaK, cpn60, and 
eysteine sulfurtransferase (6, 35). Others are 
NADH (nicotinamide adenine dinucleotide, re- 
duced) oxidase and group 3 alcohol dehydro 
genase, derived by LGT from a Gram-positive 
coccus and a thermoanserobic bacterium, re 
spectively (36). Hybrid cluster protein, A-type 
flavoprotein, and glucosamine-6 phosphate 
isomerase were recently shown to be relics of 
LGT (37), As noted, many of the enzymes in the 
glycolytic and pentose phosphate pathways are 
‘more similar to bacterial than to cukaryal 
homologs. Several ORFs had a highly significant 
‘match to an Entamoeba and/or Trichomonas pro 
tein, with the remaining matches to bacteria or 
archaea. Although some of these are recognized 
LGT relies, the rest warrant closer examination. 

Cpn60, the iron-sulfur complex proteins, snd 
DnaK. are most similar to proteobacterial and 
‘mitochondrial homologs, The iron-sulfur cluster 
‘proteins and cpn60 are demonstrably targeted to 
the recently discovered mitosome, believed to be 
4 relict mitochondrion (5). Other genes with ho- 
‘mology to mitochondrially targeted genes are 
detectable, ¢.g.,a mitochondrial protein peptidase 
homolog, but none have phylogenetic affinity 
specifically tothe a-protcobacteria mitochondrial 
lineage. Giardia is impoverished with respect 
to genes that are phylogenetically linked to a- 
‘proteobactera, unlike other eukaryotes in which 
up 10 20% of mitochondrally targeted proteins 
show such ancestry (38). 

Phylogenetic inference alone cannot resolve 
Giartia’s evolutionary history. Because so many 
of Giardia’s genes may have been derived from 
hhorizantal mansfer or be subject to accelerated evo 
lion, only a subset can be used to infer phylogeny. 
Of the ~1500 genes for which there are known 
‘homologs, only a handfil included diverse eukary- 
‘otic taxa and generated robust trees, largely be- 
‘cause the sequences could not be unambiguously 
aligned. We generated and examined tees for 
many conserved proteins, and selected ribosomal 
proteins for a multigene data set because they ane 
‘an ancient fumily, whose nature—interacion with 
ARNAs and with all cellular proteins during their 
synthesis—constrains their divergence. Phyloge- 
netic relationships were assessed with Bayesian 
and. maximumlikelihood statistical procedures 
(Supporting Online Material). 

‘The resulting wee (fig. S4) and an earlier 
analysis based on 100 genes (39) support the 
deep divergence of Giantia and Trichomonas inthe 
eukaryotic tree. Only Encephalitomoon branches 
carlerin this tree. The preponderance of molecular 
data place miorosporidia as derived relatives of 
fungi, on the basis of both gene trees and uli 
structural features (40). Giardia has no such 
afiition with another eukaryotic lineage. Ge- 
‘nome-scale data from other excavate taxa (41) are 
needed to resolve whether Giardiz and Trichomon- 
‘as branch deeply because that is their corect posi- 
tion or simply because of “long branch attraction.” 

As discussed earlier, Giardia consistently 
shows a pattem of simplified molecular machin- 
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ery, cytoskeletal structure, and metabolic path- 
ways compared to later diverging lineages such 
as fungi and even Trichomonas o Entamoeba 
(Supporting Online Material; table S7 and fig. 
85). A parsimonious explanation ofthis pattem is 
that Giardia never had many components of 
‘what may be considered “eukaryotic machinery,” 
not that it had and lost them through genome 
reduction as is evident for Encephalitazoon. 
‘Taking a whole-evidence approach, one sees that 
these data reflect early divergence, not a derived 


genome. 

Because Giardia has two nucle, a high level 
‘of heterozygosity could accumulate in the ge- 
nome. Notably, heterozygosity in the genome 
was estimated 0 be less than 0.01%, We ex- 
amined the two largest contigs, representing >1.2 
Mbp (10% of the genom) containing 482 single- 
‘copy genes, for high-quality mismatches between 
individual reads and the consensus (table S8), We 
found only 25 in total, eight of which were in 
coding regions. This suggests that there may be a 
biological mechanism for maintaining genome 
fidelity and reducing heterozygosity between the 
four genome copies. Meiosis-associated proteins 
fare present in Giardia (42), although they may 
have altemative functions. 

Giardia is an excellent functional and ge- 
nomic model for other intestinal protozoan 
Parasites whose complete life cycles cannot be 
replicated in the laboratory. In many pathways 
that require multiprotein complexes, it is nota- 
bie that Giardia has fewer recognizable compo- 
nents than other organisms. Whether due to 
early divergence or genomic reduction, the ge- 
‘nome gives valuable clues to the minimal com 
ponents needed for complex cellular processes. 
‘The genome sequence has revealed much but 
also raised intriguing questions for further study, 
eg., the number and distribution of introns and 
the composition of the giandial spliceasome, how 
Giardia maintains homorygosity across the sepa 
rated nuclei, and the function of the novel genes 
‘and gene families discovered. The anticipated 
release of a draft genome from the related 
‘Spironucleus vortens, a commensal ot oppor- 
tunistic parasite of angelfish, will enable compar- 
ative genomics within the diplomonads and 
reveal which features of the giardial genome 
result from its obligate parssitic life-style and 
which reflect its basal evolutionary position. 
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Although the application of sequencing-by-synthesis techniques to DNA extracted from bones has 
‘evolutionized the study of ancient DNA, it has been plagued by large fractions of contaminating 
‘environmental DNA. The genetic analyses of hair shafts could be a solution: We present 10 previously 
‘unexamined Siberian mammoth (Mammuthus primigenius) mitochondrial genomes, sequenced with up 
to 48-fold coverage. The observed levels of damage-derived sequencing errors were lower than those 
observed in previously published frozen bone samples, even though one of the specimens was 
>50,000 **C years old and another had been stored for 200 years at room temperature. The method 
therefore sets the stage for molecula-genetic analysis of museum collections. 


(mtDNA) have been the predominant ge~ 

netic marker applied to phylogenetic and 
population-genetic studies of ancient samples 
(U3), Although the use of complete mitochon- 
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drial genomes would provide greater analytical 
power, the degraded state of ancient DNA (DNA) 
has prevented recovery and assembly of the full 
genome by conventional genetic methods. Al- 
though aDNA has been applied to phylogenctic 
‘questions for more than 20 years (4), only six 
‘complete mitochondrial genomes from ancient 
samples have been explicitly published: four from 
extinct moa species—Emeus erassus (two ge- 
‘nomes), Anomalopteryx didiformis, and Dinornis 
giganticus (5, 6)—and two from extinct woolly 
mammoth (Mamumuthus primigenius) specimens 
C8). 

Despite the field’s slow start, recent develop- 
ments in DNA amplification, sequencing, and 
analysis technologies have begun to revolutionize 
DNA rescarch, enabling the application of whole- 
genome shotgun sequencing approaches toa va- 
riety of aDNA sources. Recent applications of such 
proaches have demonstrated that nuclear DNA 
sequence (nuDNA), in addition to mtDNA, can be 
recovered and analyzed. For example, Noonan 
etal. (9) obtained more than 25,000 base pairs 
(bp) of nuDNA from a 40,000-“C-year-old 
cave bear (Ursus spelaeus) bone. Using the re- 
cently developed sequencing -by-synthesis (SBS) 
technology (10), Poinar etal. (11) determined 13 
million bp (Mbp) of nuDNA from a 28,000-4C- 
year-old mammoth bone. The success of this 
study rapidly paved the way for application of 
SBS to extinct hominid samples and resulted in 
| Mbp of auDNA fom Neandertal bones (12, 13). 
“These reports have set the stage for a new era in 
DNA research, but difficult challenges remain, 
For example, only one of these studies—the one 
that used exceptionally well preserved fiazen 
‘mammoth bone (/)— yielded sufficient quantities 
‘of endogenous DNA (ie., DNA derived from the 
host and not bacterial, human, or other extemal 


REPORTS [ 


contaminants) to make it economical to sequence 
‘entire nuclear genomes of extinct species. 

Hair shafts are a promising source of aDNA. 
Long-term hair survival occurs in a variety of 
‘natural environments, and large quantities are 
present in taxonomic collections representing most 
‘extant, and many recently extinet, mammalian 
taxa, Most hair-based genetic studies have used 
roots, instead of shafts, as a DNA source (/4), 
primarily because hair shafts comprise dead kera- 
tinized cells that contain relatively low levels of 
DNA. However, several studies have reported 
shafts as a viable source of modern (15) and 
ancient (/6) mtDNA. Furthermore, several prop 
erties of shafts suggest that they constitute an 
tractive DNA source for SBS, First, their relative 
abundance (when present) renders them prefera- 
ble to bones, because the destructive nature of 
sampling can lead to the loss of important mor 
phological information, Second, tumover of ke- 
‘atinocytes in the hair bulb is exceedingly high, 
second only to that of the cells of the gut ej 
thelium (/7). Therefore, baseline mitochondrial 
levels in these cells (and thus the precortical cells 
that develop into the bulk of the shaft) may be 
higher than those in other tissues commonly used 
for aDNA analyses. Third, even when degrided, 
shafts are resistant to contamination from exoge- 
nous DNA such as bacteria, blood, and skin cells 
(16, 18). We demonstrate here that hair shafts sure 
pass comparably stored bone as an aDNA source 
{or use in SBS approaches, in regard to preserva~ 
tion and concentration of mtDNA. 

‘We successfully extracted sufficient DNA for 
SBS from 10 samples of mammoth coat-hair 
shafts, collected from permafrost deposits spanning 
northem Siberia [Table 1, Fig, 1, and supporting 
‘online material (SOM) text). Due to the pilot 
nature ofthis study, we used as much hair as was 
readily available (0.2 to 5.2 g per extraction), The 
degradation of aDNA correlates exponentially 
with temperature (/9), thus DNA survival de~ 
pends on simple age and the storage history 
{including the time and temperature at which it 
‘has been stored pre-and postcollection). Surpris- 
ingly, we successfully extracted DNA from the 
‘sample (M13) that had been at room temperature 
for the longest period and that had the lowest 
amount of material available [0.2 g, in compar 
{son to 0.75 and 1 g bone (7, 1/) and up to 04 g 
frozen muscle (8) used in the previous studies). 
Although hair morphology varies significantly 
both between species (20), and among hair types 
‘on individuals, and thus the gencral applicability 
ff this method remains to be shown, previous 
studies have demonstrated successful recovery of 
DNA from a variety of modem hair types and 
species (SOM text). Thus, this method will likely 
be widely applicable, 

The combined use of hair shafts and SBS 
resulted in 10 full mitochondrial genome 
sequences, with 7.3- to 48.0-fold coverage 
(Table 1), The sequences are complete, except 
that we have not tried to assemble the variable 
‘number of tandem repeats (VNTR), which is 
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Table 1. Description of mammoth mitochondrial sequences, including the 
year that the sample was discovered, where known; the ““C reference of 
specimens dated in this study; the percentage of mitochondrial sequences 
‘among SBS sequences; the number of contigs assembled out of mitochondrial 


% 


sequences; the average read length before trimming, based on Krause (7) 
sequence; the average percentage identity with respect to assembly after 
‘automaticcomputational quality processing (i, the final read used in alignment); 
and the percentage difference from M1. sequence. nd, not determined. 


Average CT % Trimmed % Dif vs. 


2 Year OxAC_ Sequencing Fold 
Sample Tissue ““C date coiected reference technology Pen near untrimmed Gamage read identity M1 
ma Hale ad nd Oe 023-9986 0.00 
M2 atkow) Hair 20380140 1997 4540=«O76 047 99.79 0.09, 
M3 (Fishhook) Hair 20,6202 70 1990 454 00C«aaa 03479982 0.03 
Ma Hair 38545270 nd 17098 4540S 039985 0.36 
Ms Hair nd ad 456 002«13000 1 0537 (99.76 =o. 
MB (Oima) Hair 46,900 700 1977-17102, 454— 431. 0899 ©9960 os. 
M13 (Adams) Hair 35,800. 1200 1799/1806 456000761 073 99.73 0.09 
mae Hair 1725270 nd SMG 456@— 150 036 ©9983 0.05 
maz Hair 5020+ 900 2000» «7n,s45@— 209 osse 99.720? 
26 Hair 247402110 20037144540 0253 9988 022 
Poinar Bone 27,740 220 2005 4540082 16999951009 
Rogaev Muscle 33,750 to 3,950 Sanger ond nd O21 
Krause Bone 12,170 + 50 Sanger nd 1d on 


The sequencing technology (Roche GS 20) wed for he generation ofthe Ponar (11) sequence predded Obtaining longer average read length 


Fig. 1. Sites of recovery of the mammoth hair 


whose mitochondrial genome sequences are 


‘reported here. The locations of M1, M4, and MS are not known, but most probably originate from 
Northern Yakutia (about 66° to 76°N, 106° to 160°E). Recovery sites for other mitochondrial genomes 
‘used inthis study—Krause (7), Rogaev (8), and Poinar (17, 21)—are indicated as blue squares labeled K, 


R, and P, respectively. 


[even with polymerase 
chain reaction (PCR) and sequencing (8)] or 
to align with any certainty, For example, in 
the sequence of Krause et al. (7), this region 
of the mammoth mitochondrial genome is 320 
bbp, whereas it is 393 bp in the sequence of 
Rogaev et al. (8), so comparison of these 
regions is essentially uninformative. Overall, 
the yield of mtDNA sequence was 5.75 to 26 
times as high as that from the permafrost- 
preserved bone reported previously (11, 27), 
supporting previous hypotheses that in com- 
parison to bone, the nitio of mtDNA to 
‘nuDNA in the hair shaft is elevated (76, 22). 
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Three widely recognized difficulties 
associated with sequencing aDNA: DNA 
damage, sequencing errors, and numts. Numts 
are mitochondrial sequences that were 
inserted into the nuclear genome during 
genome evolution after duplication and may 
‘cause artifacts in PCR-based studies or shotgun 
assemblies with low coverige. Our approach 
solves all of these problems through the high 
redundancy of our sequencing and the fact that 
SBS targets unique, individual DNA template 
molecules. 

We assessed the state of DNA preservation 
through two parameters—untrimmed read length 


‘and DNA damage [eytosine-to-thymine (CT) 
miscoding lesions, derived from the hydrolytic 
deamination of cytosine to uracil, observed in 
the pyrosequencing data] (2/, 23), The sizes of 
unbroken aDNA fragments could be measured 
because the study was conducted on a SBS in- 
strument (Roche GS FLX) that can generate reads 
Lup 1 length of 250 bp, We observed an average 
‘sample-dependent mitochondrial read length be- 
tween 60.5 and 128.1 bp. The previously described 
average read length of 101 bp from a bone sam 
pple (//) was limited by the instrument read length 
(Roche GS20), leaving open the possibility that 
the bone sample retained longer fragments of 
mtDNA than those that we observed. However, 
‘comparing the individual reads versus locations 
in the assembly consensus sequence containing 
, the hair-generated data show a substantially 
improved (i.e., lower) C4 DNA damage rate 
(of 0.24 t0 0.9% versus 1.7% in bone. In contrast 
to the bone, which was kept frozen for the entire 
period postexcavation from the permafrost, most 
‘of the hair samples have been at room tempera 
ture for a number of years (Table 1). 

‘To investigate what effec this might have on 
the DNA preservation of the samples, we cal- 
culated approximate thermal ages (/9) of those 
specimens for which we knew or could estimate 
sufficient information forthe calculation (including 
for comparison the Poinar mammoth (//)}, The 
‘mode! incorporated temperature data from weather 
stations local to the respective sites, with altitude 
ccomection (lapse rate of +6.5°C km!) that used 
elevations estimated from the sample coordinates 
(with the use of GoogleEanth ¥.4.1). Furthermore, 
{o control for differences in sample burial depth 
(and thus temperature of the burial site), the 
mode! incorporated two depths of burial for each 
‘sample—shallow (where the sample temperature 
‘could be expected to fluctuate during the year) and 
deep (where the sample would experience a con- 
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FFig. 2. Comparison of estimated thermal age of samples against percentage C-T damage withthe use of 
alternative temperature models for Siberia (reflecting the range of published estimates). Approximate 
thermal ages were calculated according to the methods of Smith et of. (29) for mammoths for which 
sufficient information was known, with the use of two alternative burial models. The mean **C age for 


‘each sample is aso shown, 


‘stant temperature) —and fsctored in time and tem- 
‘perature (at a conservative assumption of 10°C) 
since collection (/9) (Fig. 2 and SOM text). 
‘The data indicates that although the approx 
imate thermal ages of several of the samples ane 
‘older than the Poinar mammoth, their numbers of 
damaged derived miscoding lesions were lower 
(Fig, 2), The explanation for this remains unclear. 
[tis possible that as hypothesized previously, hair 
cell keratinization protects the DNA within hair 
shafts from contact with free water, a requisite of 
the hydrolytic deamination underlying C—+T dam- 
age (16). DNA may also be conserved because the 
hha, in contrast to porous bone, prevents access. 
‘of bacteria to the site of DNA storage, thereby 
restricting the breakdown of biopolymers. Alter- 
natively, the observation may be explained by 
other as-yet untested hypotheses. For example, 
special properties of hair shalt keratinocytes may 
confer advantages, such as an absence of post- 
‘mortem cell autolysis; other molecules within the 
hair shaft (eg, melanin) may provide protection; 
or the relatively unique preservation conditions 
that hair preservation in the archaeological record 
requires may in tum limit DNA degradation. 
‘Whatever the explanation, DNA degradation with- 
in the hair shafts does not appear to conform to 
‘current hypotheses about DNA. degradation, and 
by inference the limits within which usable levels 
of DNA can be recovered from ancient samples 
‘may be greater than conventionally believed. This 
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is in many ways unsurprising, given that many 
models of DNA degradation are based on the- 
retical degradation rates that were initially cal- 
culated to apply to DNA in free solution (79), and 
therefore it is plausible that their general ap- 
plicability across biological tissues may not be 
straightforward. 

Sequencing error—i, the difference between 
the (possibly damaged) molecule and the ma- 
chine output—was also lower with the GS FLX. 
Inall cases, the sum of damage plus sequencing 
error, as measured by the difference between the 
‘consensus sequence and the individual reads, was 
between 0.14 and 0.4%. Note that a CT dam- 
age rate of 0.8% creates roughly a 0.2% com- 
ponent of the overall error rate, because only 
about one-quarter of nucleotides are C. Further- 
‘more, although numits have been known to cause 
‘complications in mtDNA extracted from various 
‘mammalian tissues (including hair from some 
clephants) (24), a careful analysis (see SOM text 
{for details) showed that contamination of our as- 
semblies by numts was negligible. 

‘Our findings have profound implications on 
the scope of future studies. Included in our data 
set are recently discovered mammoth permafrost 
specimens, including the Jarkov (M2), the 
Fishhook (M3), and the baby Dima (M8). Perhaps 
the most wellknown sample among those we 
analyzed is M13, known colloquially as the 
‘Adams mammoth. This was the first mammoth 
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10 be scientifically studied, and the resulting 
«documentation showed beyond reasonable doubt 
that an-animal species ean go extinct. The almost 
perfectly preserved permatfost mummy was found 
in 1799 by a hunter of the Tungus tribe, who 
collected its tusks in the summer of 1804 and 
‘eventually helped the Russian botanist Michael 
‘Adams to collect the remainder of the specimen 
in 1806. To this date, the Adams skeleton is one 
Cf the most complete, and it has been continu- 
‘ously on display at the Zoological Museum in St. 
Petersburg (25). In the process of recovering the 
‘entire skeleton, large amounts of hair, a total of| 
36 pounds (16.4 ke), were taken to St. Petersburg 
and distributed 10 other institutions around the 
‘world for investigation. The hair specimens have 
‘been stored for the past 200 years at room tem 
‘perature, similar to most other samples that might 
‘be available for future analysis. Notably, even 
though these storage conditions are not optimal 
for DNA preservation (19), we were able to ob- 
‘ain a complete mitochondrial sequence from this 
specimen with the use of our whole-genome 
shotgun method, on no more than 0.2 g of hair 
shaft. The finding that aDNA can be extracted 
from a specimen kept at room temperature for 
‘wo centuries puts a large number of collections 
stored in natural history museums within reach of 
molecular genomic analysis and may allow us to 
‘add molecular-genetic data to the collections of 
Charles Darwin, Alexander von Humboldt, and 
‘Carl von Linn, 
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Structures of the CCR5 N Terminus 
and of a Tyrosine-Sulfated Antibody 
with HIV-1 gp120 and CD4 


CChih-chin Huang, * Son N. Lam,’* Priyamvada Acharya,” Min Tang," Shi-Hua Xiang,* 
Syed Shahzad-ul Hussan,* Robyn L. Stanfield,* James Robinson,” Joseph Sodrosk, 


Jan A. Wilson, Richard Wyatt,’ 


Carole A. Bewley,’t Peter D. Kwong't 


The CCRS co-receptor binds to the HIV-1 gp220 envelope glycoprotein and facilitates HIV-1 entry into 
ells. Its N terminus is tyrosine-sulfated, as are many antibodies that react with the co-receptor binding 
site on gp120. We applied nuclear magnetic resonance and crystallographic techniques to analyze the 
structure of the CCRS N terminus and that of the tyrosine-sulfated antibody 412d in complex with 
‘9p120 and CD4, The conformations of tyrosine-sulfated regions of CCRS (a-heli) and 412d (extended- 
loop) are surprisingly different. Nonetheless, a critical suffotyrosine on CCRS and on 412d induces 
similar structural rearrangements in gp120. These results now provide a framework for understanding 
HIV-2 interactions with the CCRS N terminus during viral entry and define a conserved site on gp120, 
Whose recognition of sulfotyrasine engenders posttranstational mimicry by the immune system. 


type 1 (HIV1) into host cells requires its 
/ep120 envelope glycoprotein to bind to 
‘two cell-surfce receptors, CD4 and a co- 
receptor, either CCRS of CXCR¢ [reviewed in 
(J, 2)). CCRS and CXCRA are members of a 
family of chemokine receptors that are G 
protein-coupled receptors (3) characterized by 
seven transmembrane helices, an extracellular N 
terminus, which is variable in length, and three 
extracellular loops (ECL) (Fig. 1A). The struc- 
ture of the co-receptor has not been determined, 
‘but some insight has come from the erystal struc- 
tures of other family members (4). 
Elements critical to interactions with HIV-1 are 
located in the co-receptor N terminus and around 
its second extracellular loop (ECL2) (5-8). The 
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coreceptor N terminus interacts with a highly 
conserved 4-stranded bridging sheet in gp!20, 
which assembles upon CDS binding, whereas the 
ECL2 region of the co-receptor interacts with the 
tip of the immunodominant V3 loop in gp120. 
Considerable distance separates these two inter- 
active regions, which suggests that they are in- 
dependent (9-12). 

The N-terminal interaction of co-receptor 
with HIV-1 requires an unusual posttranslational 
modification, O-sulfation of tyrosine (/3). On 
CRS, tyrosines at residues 3, 10, 14, and 15 
may be O-sulfated, but sulfations at residues 10 
and 14 are sufficient to facilitate interaction with 
HIV-| (/4), Interestingly, many CD4-induced ant- 
bodies that react with the bridging sheet region 
are also modified by O-sulfation (15). To define 
structurally the interaction of HIV-1 with the N 
terminus of CCRS and to understand the molec- 
tular details of the mimicry of this interaction by 
(CDt-induced antibodies, we used a combination 
of nuclear magnetic resonance (NMR) and x-ray 
‘crystallography to determine the structures ofthe 
NN terminus of CCRS and of a functionally sul- 
{Bed antbody, 412d, in complex with HIV-I gpl20. 
‘Analysis of these structures, combined with molec- 
ular docking and saturation transfer difference 
NMR, identified a conserved ste on gp120, which 
recognizes sulfotyrosine with high selectivity. 

We used NMR techniques that exploit the 
transfer of information from bound to ligand-free 


states (16, 17) to analyze the interactions of a 14 
residue peptide (CCRS*"*), which consisted of 
residues 2 10 15 of CCRS with sulfotyrosine 
(CTys) at positions 10 and 14 (Fig. 1) (78). We 
collected two-dimensional (2D) nuclear Over 
hauser enhancement spectroscopy (NOESY) 
spectra of solutions containing CCRS*" cither 
fee or in the presence of gp!20, CD4, oF a 
gp120-CD4 complex (peptide:protcin ratio, of 
40:1). Whereas spectra containing free CCR: 
‘or CCRS*"* with ether ep120 oF CD4 contained 
few cross peaks, CCRS*"* in the presence of the 
gp120-CD4 complex gave rise to high-quality 
spectra containing numerous NOEs (Fig, 1B and 
fig. S1). Complete 'H, °C, and 'N assignments 
of CCRS*? (table $1) were made on the basis of 
standard 2D homonuclear and heteronuclear 
NMR experiments that measure scalar and di- 
polar couplings. ans 

‘The NOESY data of CCRS*"* in the pres- 
‘ence of gp120-CD4 (Fig. 1B) were sufficient for 
calculating a high quality ensemble of NMR 
structures (Fig. 1C), Structure calculations were 
carried out on the ordered region comprising 
residues 7 {0 15. A total of 70 distance restraints 
(corresponding to 35 inraresidue and 35 inter- 
residue NOEs), and 56 dihedral angle restraints 
were included in the final round of structure 
calculations, which gave rise to an ensemble of 
40 structures with a backbone root-mean-square 
deviation (rmsd) of 0.46 A and an rmsd of 1.39 A 
for all atoms in the ordered region (residues 9 to 
14) (table $2). Superpositions of the final ensem- 
ble defined a helical conformation for residues 9 
to 15, which deviated from the ideal by a back= 
bone msd of only 0.26 A (Fig. 1D). Sulfotyro- 
sines 10 and 14 extended from the same face of 
‘the helix, with sulfite moieties separated by ~10.A. 
and an ~90° rotation around the helix axis 

‘We were unable to obtain rystalsof CCRS 
in complex with HIV-1 gp120-CD4, and the size 
‘and. glycosylation of the temary complex hin- 
dered direct determination by NMR. We were, 
however, able to obtain ~3.5 A diffraction trom 
crystals of the antigen-binding fragment (Fab) of 
the 412d antibody, in complex with gp120 (core 
with V3, CCRS-lependent isolate YU2) and 
(CD4. The 4124 antibody is functionally yrosine- 
sulfated, binds to a CD4-induced epitope that 
‘overiaps the site of co-receptor binding on HIV- 
1 gp120, and recognizes preferentially CCRS- 
dependent rains of HIV-1 gp120 (15) Moreover, 
the tyrosine-sulfatad region of 412d can be sub- 
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stituted for the tyrosine-sulfated region of CCRS 
to ereatea chimeric 4124/CCRS receptor that sup- 
ports HIV-1 entry (/9). 

We solved the 412d-gp 120-CD4 structure by 
‘molecular replacement. Despite less than optimal 
resolution and completeness, initial unbiased 
‘maps showed clear definition of important anti- 
body features (fig, S2). Structure refinement re- 
sulted in an Raya Of 20% (Rice 27%) (Fig. 2, 
ible $3, and fig. $3). The overall mode of 
binding of 412d resembles that of 176, which 
shares a heavy chain of similar genomic origin 
(fig. $4) (20). A hydrophobic interaction pins the 
second complementarity-determining region of 
the heavy chain (CDR H2) to a conserved hydro- 
phobic surfice on the bridging sheet of gp120, 
‘whereas the acidic CDR H3 binds a basic gp120 
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surface. Antibody 412d, however, interacts with 
‘a much larger overall surface area than either 17b 
‘or XS (fig. S4). The increased 412d interaction 
surface is due primarily to an increase in buried 
surface associated with its CDR H3. Comparison 
Of free (20) and bound structures of 412d shows 
that extensive ordering occurs in CDR H3 when 
bound to gp120 (fig. $5). 

‘The two sulfotyrosines in the CDR H3 region 
of 412d bind to gp120 in quite different ways 
(Fig. 2). The sulfotyrasine at residue 100 of 412d 
(Tys 100°™) [Kabat numbering (2/)] is mostly 
exposed, with its aromatic ring making r-cation 
interactions with the guanidinium of Ang 
327°” and its sulfate group making only 
Peripheral electrostatic interactions. By contrast, 
the side-chain of Tys 100c*™ is mostly buried, 


REPORTS [ 


‘with He 322°°""" and He 326°?” embracing one 
face of the tyrosine ring, while the aliphatic base 
of Arg 440°?"” supports the other. Together, the 
two sulfotyrosines account for about 20% of the 
{otal buried surface on 412d, with almost 100 A* 
derived from Tys 100c*". 

‘To facilitate interactions with the sulfotyro- 
sines in 412d, the V3_stem is earanged. The 
‘conserved Arg 298*"'™" and Pro 299"! at the 
base of the V3 loop are mostly unchanged, but 
the subsequent Asn residues at 301°?” and 
302" shift ~7 A to form one wall of the Tys 
sulfate-binding. pocket. Residue 
301°" is N-glycosylated, but the glycan faces 
solvent, and its presence should have little impact 
‘on the ability of the binding pocket to form. 
Meanwhile, in the retuming strand (22), tle 
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Fig. 2. Structure of the tyrosine-sulfated N terminus of CCRS in the gp120- 
‘bound ‘conformation. (A) CCRS sequence and schematic ofits insertion in 
the cell membrane. Sequence letters in purple correspond to residues in 
CCRS*", with sulfatyrosines (Tys) critical for interaction with HIV-1 high- 
lighted in black, ECLS are labeled, and disulfide bridges (-SS:) depicted. (B) 
2D NOESY spectra for CRS?" free in solution (ef) and in the presence of 
{9p120-CD4 (righ. NMR samples (20 mM phosphate, 50 mM NaCl pH 
6.85) contained 800 uM CCRS*” in the presence of 20 uM gp120-CD4 and 
were recorded at 500 MHz, 300 K, mixing time = 150 msec. Sequential 
NHG}-CaH(-) NOEs were observed between every residue, thereby confirming 
sequential assignments, and predicted intraesidue NOES were observed for 
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all residues. No correlations beyond sequential NOEs were observed between 
residues 2 and 7, indicating that this region of CCRS.was extended oF 
disordered. In contrast, NOES from Ca) to NH{i + 1,2,3) and from NHG) to 
NHG + 12,3) were observed for residues 9 to 15 (ig. Sw), indicating an 
ordered a-helical structure @3). (Q Structure of the ordered region of 
gp120-bound CCRS?"5. Stereaview (left) of 25 lowest energy-simulated 
‘annealing structures superimposed by fitting to the backbone of residues 9 
to 15. Structural statistics are provided in table $2. Backbone appears in 
blue, amide hydrogens (9 to 15) in blue, side chains (11 to 13) in green, and 
Tys 10 and Tys 14 in red. Ribbon diagram (right) of restrained minimized 
‘mean structure with side chains in stick representations. 
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Fig. 3. Interaction of the N terminus of CCRS with HIV-1 gp120-CD4. (A) 
‘Molecular docking. The 20 lowest energy structures (black) from 200 docking 
‘uns of CCRS*** are shown in stick representation. Despite initial random 
‘orientations, all favorable docking solutions had Tys 14 binding atthe bridging 
sheet-V3 interface; none had Tys 10 at this cleft. Rbbon representations Mlustrate 
(CDA in yellow, 9.120 in gray with V3 in orange), and the Lowest energy structure 
‘of CCRS” in purple. (B) Close-up, with molecular surface of gp120 in gray and 
select residues of gp120 (black labels) and CCRS (purple labels) in stick 
representation. (C) Saturation transfer difference NMR spectrum of CCRS* in 
the presence of gp120-CD4 (red) overlaid on a control *H spectrum (black). 
Experimental conditions were identical to those used for NOE experiments, 
‘except that the carrier was set at ~1 and 50 parts per million for on- and off- 
‘esonance saturation, respectively. The intensities ofthe most strongly enhanced 
‘peaks (Tys 14 and Tyr 15) have been normalized to the corresponding signals in 
the control spectrum. Peak assignments made by 2D NMR (able S1) appear 
above their corresponding doublet signals. Tys 14 and Tyr 15 show strong 
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Fig. 2. Structure of the tyrosine-sulfated antibody 412d in 
complex with HIV-1.9p120 and CD4. (A) Ribbon representa- 
tion. CD4 is yellow, the heavy chain of Fab 412d is dark 
blue, the light chain is cyan, and gp120 is gray, except for 
the V3 loop, which is orange. The CDR H3 loop of 412d is 
‘ed, with sulfotyrosines depicted in stick representation. (B) 
Close-up, with molecular surface of gp120 in gray and 
sulfotyrosines of 412d (red labels) and select residues of 
9p120 black labels) in stick representation. Dotted lines 
Tepresent coordinating hydrogen bonds between gp120 and 
the sulfate group of Tys100c*#, The sulfate of Tys 100c*#*4 
makes a full complement of ionic interactions: a salt bridge 
to Arg 298°" and hydrogen bonds to the side-chain 
nitrogen of Asn 302% °, the side-chain hydroxyl of Thr 
303°, and the main-chain amides of 302", 3030", 
and 44129 (34), 


> pEnity 


CORS-tound (N-lominus + ECL2) 


‘CORS-bound (N-tominus) 


saturation transfer difference effects, whereas Tys 10 shows a medium effect and 
Tyr 3 a very weak effect. These effects correlate directly with the buried surface 
‘area of each tyrosine rng in the docked structure, Se fig. $9 for overlaid spectra 
‘employing 1 to 7 s saturation. (D) Effect of CCRS*™ on the proteolytic sensitivity 
‘of the V3. Electrophoresis on an 8 to 25% gradient SDS polyacrylamide gel shows 
the resus of thrombin digestion on gp120 (core with V3; YU2 5 strain of HIV-1) 
alone, or in the presence of sCD4 or sCD4 and CCR?" (35). (E) Structural 
intermediates of HIV-1 entry. At far left, a single monomer of unliganded 
{9p120 (gray) is shown with separated {-hairpins. The threefold axis, from 
which 9p41 interacts in the functional oligomer, i labeled with the number 3. 
In the CD4-bound state the bridging sheet assembles, and the V3 (orange) is, 
‘exposed and flexible. The next state involves either (upper pathway) the 
interaction of the CCRS-ECI2 region with the V3 tip or (lower pathway) the 
interaction of the CCRS N terminus, which induces rigidification of the V3 
stem. Engagement of CCRS at both N terminus and ECL2 region triggers 
additional conformational changes leading to HIV-1 entry. 
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Fig. 4. A conserved 


site for binding slfotyro- 
sine on HIV-1 gpi20. 
(A) Alterations of the V3 
base to accommodate 
binding of sutfotyrosine. 
The gp120 (gray) region 
around the V3 loop (or- 
ange) is illustrated in 
ribbon diagram, with an 
overlying semitrans- 
parent surface for un- 
bound (let pane and 
‘bound (right paned con- 
formations. Binding of 
the CCRSN terminus 
(purple) or the 412d COR 
representation, with red. and 
sulfotyrosine binding pocket and 


3228" shifts 10 A to encase the 100¢*"™ tyro- 
sine ring, Overall, the incoming and outgoing 
strands of the V3 stem are brought closer together, 
0 that a B-baimpin is formed that replaces the pre= 
viously flexible V3 stem (23). Ths, whereas most 
of the gp120-CD4 complex remains unchanged, 
binding of sufotyrosine at the bridging sheet-V3 
interface results in formation of a more rigid V3. 

By employing molecular docking and satura- 
tion transfer difference NMR, we sought to use 
the 412d-gp120-CD4 structure to ascertain how 
‘gp120 interacts with the N terminus of CCRS. 
‘We first tested whether docking [Autodock 3.0 
(29) of the CDR H3 loop of 412d to gp120 
‘would recapitulate the 412d-gp120 crystal struc- 
ture, Starting ffom random initial postions and 
orientations, multiple runs of the excised CDR 
H3 loop (residues 97 «0 1001) produced an ener- 
‘getically favorable interaction (-16.04 keal/mol), 
\which closely resembled its location and contacts 
in the erystal structure (Cat sd between crystal 
and docked CDR H3 was 1.03 A) (fig. $6). We 
nnext docked the NMR structure of the CCRS N 
terminus to the erystal structure of gp120-CD4. 
Multiple runs produced a cluster of energetically 
favorable solutions (17.60 keal/mol for the 
‘optimal solution), which placed CCRS* at the 
bridging sheet-V3 interface (Fig. 3, A and B). 
‘The top 10% of the solutions (20 best so 
from 200 runs) had msds of 1.04 A (Ca) and 
2.24 A (all atoms). 

‘To validate the docked CCRS-gp120 structure, 
‘we performed saturation transfer difference NMR. 
(17) on CCRS*" in the presence of gp120-CD4. 
‘Contr and difference spectra are shown in Fig. 3C. 
Contact surfaces of Tys and Tyr residues of CRS 
in the docked orientation correlated well with satu- 
‘ation transfer difference enhancements (Fig. 3C). 
‘Wealso observed good correlation between inter- 
acting residues in the docked gp120-CCRS inter- 
face and gp!20 and CCRS substitutions (9, 25-27) 
that affect gp120-CCRS binding (fig. S7). 

‘The N terminus of CCRS approaches from 
the same face of gp120 as CD4 but binds to an 
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‘orthogonal surface at the intersection of the 
bridging sheet and the V3 loop (Fig. 3). The first 
CCRS residues (Ser 7 and Pro 8) that are ordered 
in the NMR structure interact with the V3 stem. 
In the helix (residues 9 to 15), Tys 10 interacts 
with the gp120 core and forms a salt bridge with 
Arg 327", Asp 11 forms an ionic interaction 
with Arg 440°", Tys 14 is completely seques- 
tered in the crevice between V3 and the bridging 
sheet, and the aromatic ring of Tyr 15 packs 
against Ile 439%" on the bridging sheet. 

The structural reamingements required to 
form the Tys 14 binding pocket would be 
expected to rigiify the V3 stem. We tested V3- 
proteolytic susceptibility (Fig. 3D). CD4 en- 
hances V3-proteoltic susceptibility to thrombin 
29), whereas the combination of CD4 and 
CeRs? taced proteolytic susceptibility 
(Fig. 3D), consistent with CCRS-rigidification 
of V3. 

Overall, the gp120 recognition surface for 
CCRS*"* is much more highly conserved for 
CCRS-dependent isolates compared with those 
that use CXCR4. Good electrostatic comple- 
mentarity is found between the acidic CCRS*"* 
and gp120, where the negatively charged C- 
terminal helix dipole is oriented toward the basic 
bridging sheet (fig. $8). The docked structure 
provides an explanation forthe observed lack of 
onder at the N terminus of CCRS™"', where CCRS 
appears to extend away from gp120. At the C ter 
minus, Tyr 15 points toward the target cell mem 
brane where, in five residues, a disulfide would 
normally be made between the N terminus (Cys 
20) and the third extracellular loop (Cys 269). 

Despite the highly divergent tyrosine-sulfated 
structures of 412d and CCRS, a single sulfotyro- 
sine (residue 100c in 412d and residue 14 in 
CRS) is recognized in a similar manner by 
gp120 (Fig. 4). We used mutagenesis to probe the 
‘degree of similarity in this recognition (fig. $10). 
The alteration of a single nitrogen in a contact 
residue (Asn302Asp) in the conserved binding 
pocket ablates recognition of both 412d and CCRS, 


‘and 38 [-90° from (A) about a diagonal ai, as defined 
from (A)]. Tys 14° is shown in purple, with Tys 100c* 
‘of gp120 are shown in tick representation and labeled in black. Hycrogen bonds 
«coordinating the buried sulfate groups in each are depicted with dotted lines. 


the long axis of the V3 
in red Select residues 


na 


‘whereas a similar substitution (Asn300Asp), just 
‘outside the binding pocket, had litle effect (30). 
‘The observed convergence of recognition likely 
reflects the high selectivity ofthis site for sulfor 
tyrosine (a 7 A deep pocket, with hydrophobic 
walls and a cationic floor, which is unlikely to 
interact favorably with other nonmoditied amino 
acids), Such selectivity and favorable energetics 
bode well for design of therapeutics tangeted at 
this site, because the gp!20 residues that line the 
sulfotyrosine binding pocket are highly con- 
served for co-receptor binding. 

‘The structure of the CCRS N terminus with 
gp120-CD4 provides a further snapshot of the 
HIV-1 entry pathway (Fig. 3E). Before binding 
‘CD4, the bridging sheet is not formed and the V3 
Joop is occluded. Binding of CD4 induces bridg- 
ing sheet assembly and V3 exposure. AU this 
stage, the V3 is flexible and poised close to the 
target cell membrane. Subsequent interactions 
with CRS are still being clucidated, We show 
structural details for one: engagement by gp120 
of the CCRS N terminus, which requires 
formation of a conserved pocket for sulfotyrosine 
binding and converts the flexible V3 stem into a 
‘rigid B-taigpin, It will be interesting to integrate 
the order and timing of the rearrangements 
revealed here into the HIV-1 entry mechanism, 
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CDA doesnot show this led, and shorter incubations 
‘how that SOS enhances V3 ceaage. 
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The Slit Receptor EVA-1 Coactivates a 
SAX-3/Robo—Mediated Guidance 
Signal in C. elegans 


Kazuko Fujisawa,” Jetfrey L. Wrana,?# Joseph G. Culotti*?" 


The SAX-3/roundabout (Robo) receptor has Shiga-like toxin 2 (SLT-1)/Slit~dependent and 
independent functions in guiding cell and axon migrations. We identified enhancer of 
ventral-axon guidance defects of unc-40 mutants (EVA-1) as a Caenorhabditis elegans 


transmembrane receptor for SLT-1. EVA-1 has two predicted galactose-binding ectodomain, acts 
cell-autonomously for SLT-1/Slit-dependent axon migration functions of SAX-3/Robo, binds to 
SLT-2 and SAX-3, colocalizes with SAX-3 on cells, and provides cell specificity to the activation of 
‘SAX-3 signaling by SLT-1. Double mutants of eva-1 oF sit-1 with sax-3 mutations suggest that 
‘SAX-3 can (when sit-1 ot eva-1 function is reduced) inhibit a parallet-acting guidance mechanism, 


which involves UNC-40/deleted in colorectal cancer. 


‘neuronal receptors, UNC-5 and UNC-410/ 

deleted in colorectal cancer (DCC), are 
‘used indifferent combinations to guide growing 
axons toward (by attraction) or away (by 
repulsion) from the ventral nerve cont (VNC) 
of Caenorhabditis elegans (J). The incomplete 
penetrance of pioneer-axon guidance defects 


T: UNC-6inetrin. guidance cue and its 
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observed in wic-6ihetrin and wnc-40 single- and 
double-null mutants (Table 1) suggests that other 
‘mechanisms act in parallel with nein signaling 
to guide axons toward the VNC. One such 
mechanism involves the Shiga-ike toxin 1 (SLT- 
LYSIit guidance cue, a lange secreted protein 
With several predicted N- and O-glycasylation 
sites (2), and its receptor SAX-3, a homolog of 
the transmembrane (TM) roundabout (Robo) 
receptor (3-6). Both Drosophila and vertebrate 
Slit bind to Robo receptors (3, 7). C. elegans 
SLT-VSlitis expressed predominantly by dorsal 
body-wall muscles and repels SAX-3/Robo- 
expressing AVM and PVM pioneer axons 
toward the VNC (2), concomitant with UNC- 
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40-mediated attraction of these same axons 
{toward the VNC by ventral sources of UNC (). 

In C. elegans, st-l and sax-3 mutations af- 
fect the guidance of several of the same pioncer 
axons (8), For example, the pioncer axon of the 
lateral AVM sensory neuron in the anterior boxty 
extends toward and then along the VNC in 
wildtype (WT) animals (Fig. 1, A and B), but 
in site? and sax-3 mutants, the AVM axon fie= 
‘quently grows directly toward the head (Fig, 1C). 
Cell-specific rescue experiments have demon- 
strated that sax-i(~)-dependent guidance of 
AVM axons is cell-wwtonomous (6, 8), Although 
SAX-3/Robo is the only previously known 
receptor for SLT-1, slt-/ mutants of C. elegans 
do not exhibit the nerve-ring and epithelial de- 
fects of sax-3/mto mutants, suggesting that SAX 
3/Robo has both Slit-dependent and -independent 
functions in development (2). 

We identified a TM_ protein, enhancer of 
Ventral-axon guidance defects of wne-40 mutants 
(EVA-1), that is required to guide the AVM 
pioneer axon to the VNC (Fig. 1, A and B) by 
acting as a receptor for SLT-1. EVA-I acts cell- 
autonomously, and ectopic expression of 
EVA-1 in SAX-3-expressing cells confers SLT-1 
sensitivity to their migration. Thus, EVA-1 is 
predicted to be a receptor for SLT-1 that acts in 
‘conjunction with SAX-3 (as a likely co-receptor) 
to provide cell specificity for the activation of 
SAX-3 signaling by SLT-1. We also discovered 
‘a previously unknown in vivo function for 
SAX-3/Robo, which is to inhibit a signaling 
‘mechanism that normally functions in parallel to 
SLT-1 to guide pioncer axons along the dorsal’ 
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‘ventral axis. We show that this parallel-octing 
‘mechanism involves UNC-40DCC, 

‘AVM and PVM neurons are left, right (IR) 
Fineal analogs with lateral cell bodies (9) that 
extend pioneer axons along the basal surfice 
of the epidermis toward the VNC, which they 
then follow toward the head (Fig, 1A). Using a 
‘mec-7p::sfp reporter to mark touch-receptor 
axons (/0), we identified several AVM and 
PYM axon guidance mutants after standard ethyl 
methanesulfonate mutagenesis (17), including 
eva-(ev751). A predicted in-frame deletion 
‘mutant, eva-1(1m0974), was provided by S. 
Mitani (Tokyo Women’s University) (Fig. 2 and 
fig. $1), In eva-f mutants, as in slt-7 and sax-3 
‘mutants, the initial pioneer phase (10 the VNC) of | 
‘AVM axon extension fails frequently, and axons 
instead grow along the lateral epidermis toward 
the head (Fig. 1), Similar defects in PVM also 
‘occur in evu-7 mutants, but at much reduced 


penetrance (Table 1), Both eva-/ mutants ane 
recessive for AVM axon guidance defects, and 
neither has any obvious maternal inheritance or 
any obvious sax-3 mutant-like body morphol- 
ogy defects (6, 8). 

‘The AVM axon guidance defect in eva-! 
(ev751) is slightly temperature-senstive, but 
deficiency heterozygotes indicate that it is null 
at 25°C (Table 1), eva-1(0m0974) causes a strong 
loss of function at 20° and 25°C. To eliminate 
EVA-1 function, eva-1(ev751) was used at 25°C 
in all experiments unless otherwise specified 

‘eva-1 was cloned by functional rescue with 
injected DNAs (Fig. 2 and table SI). Partial 
DNA clones were obtained from Y. Kohara 
(National Institute of Genetics, Mishima, Japan), 
The 5° end of the eva-/ coding region was 
isolated by reverse transcription polymerase 
chain reaction using SLI- and exon-specitic 
primers. The entire eva-/ cDNA was sequenced 


Table 1. Misguided AVM and PVM pioneer axons in mutant lines. % defective indicates the 
percentage of misguided AVM pioneer axons. SD was calculated for I experiments; n, total number 


Of animals that were scored; ND, not determined. 


Genotype % Detective SD % Defective SD No) 
‘AVM 20°) PUM (20°) 
eva-1ev75) a2 48001 og = 70267) 
f(cB2772Vev751 a2 wo 0 ° 41029) 
tm0974/ev751 45 Rr oo 0 3057) 
eva-10¢m0974) az 8 04 ND 5(874) 
tm0974/0/(C82772) 50 8 0 o 71688) 
AVM 25°) PUM (25°0) 

eva-1(ev751) 49 3 18 4(682) 
f(cB2772Vev751 50 2 No 4454) 
tm0974/ev751 38 on No 102188) 
evo-11tm0974) 38 1 0.6 31529) 
1m0974/D/(CB2772) a 1 NO 102045) 
une-40(e1430) 18 25 3 4626) 
‘une-6(ev400) 37 “4 6a 70231) 
une-40(e1430}une-6(ev400) 38 37 3.4 1410643) 
eva-1(ev751) 53 2 a 93022) 
Lune-40(e1430)eva-1(ev751) 3 9 2a 6(1053) 
‘eva-1(ev75V);une-6(ev400) 3 95 62 (834) 
eva-10¢m0974) Br 2 0.9 92031) 
‘une-40(e143 eva-1(tm0974) 3 n 28 70495) 
eva-1tm0974);une-6(ev400) 94 9% 28 6(893) 
tune-40(e1430}sit-1(eh15) 94 3 3 1041488) 
sit-1(eh15) 48° 2 1 1002252) 
eva-1(ev75Y);st-1(eh15) 55° 5 1740735) 
eva-1¢m0974);stt-1(eh15) 42" 2 1384704) 
sax-i(kyl23) at v 2a 7804) 
sax-3(ky12a)stt-1(eh15) ar 18 3 40414) 
eva-1(ev751);s0x-3(hy123) to 16 35 7715) 
eva-Hev751);sa%-3(hy123), 20° 8 3 4(489) 
sit-1(eh 5) 

eva-11tm0974);sax-3(ky123) 2s wv 3.9 120803) 
sax-3(ky203) a 10 3 34293) 
eva-(ev75);sax-31hy203) 20 6 3 3531) 
sax-3(ky203)stt-1(eh15) 2at 8 3 31628) 
tune-40(e1430Ybalancer; tot 9 2 40423) 


sax-3tky123)stt-1(eh1 5) 


=Achsquare tating one degree of heedom shows that iMlerences Between ltl or evo] dg or double mutant sins 


What ate so4-3(6I1 and any ofthe sax mutant strains are ighy sgniicant (P < 0.005). 


‘TA citsquae test using one 


degree of freedom shows thatthe di erences are Nighy significant (P < 0.005). 
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and was found to encode a protein of 461 amino 
acid residues (fig. SIA) predicted 10 have a 
Ihydrophobic signal sequence for secretion (resi- 
dues 1 t0 23), a single TM domain, and a 
predicted ectodomain containing N- and C- 
terminal predicted lectinlike galactose (Gal) 
binding domains (Fig. 2 and fig. SIB). The 
predicted cytodomain of EVA-1 is only 70 
residues and contains a Ser/Ang-rich region 
(residues 400 to 412) and a single phosphotyrosine 
binding domain consensus binding sequence 
(Asn-Pro-His-Typ), EVA shares domain ongani- 
ation with a protein encoded within the candidte 
Down's syndrome region of human chromosome 
21 (12) and also with related mammalian and 
nematode proteins (Fig, 2C). 

In eva-/(ev751), a point mutation in exon 4 
changes the second conserved Cys of the second 
lectinlike domain to a Tyr (Cys! 
[supporting online material (SOM) (fig, S1B). 
The eva-//im0974) allele is deleted for base 
pairs (bp) 5477 to 5994 in the genomic se- 
‘quence of cosmid F3247, Splicing. around this 
would delete residves 111 0 223, predicting an 
in-frame protein of the size observed on Westem 
blots (fig. $2). 

‘A construct EVA-I(delC), deleted for the 
‘C-terminal 69 residues of the EVA-1 cytodo- 
main, appears to rescue both eva-/ alleles (Fig, 
2B and table SI), This may be because the 
eytodomain is not required or because of 
‘complementation via multimerization of EVA-L 
(delC) with either EVA-I(ev751) or EVAL 
(10974), both of which are predicted to have 
an abiormal ectodomain but a normal TM and 
‘ytodomain, Consistent with this idea, prelimi- 


PLMLIR, 


PvM 


Fig. 1. AVM axon guidance defects in eva-1. mu- 
tants. (Anterior is left in all panels) (A) Represen- 
tation of a lateral view of touch-receptor neurons 
in a WT animal. (B and © Lateral view of AVM 
neurons labeled by a mec-7p:GFP transgene array 
(20) showing cell-body (asterisk) and axon (arrow) 
trajectories in a WT animal and an ev-1 mutant, 
respectively. (8) Ina WT animal, the AVM axon 
pioneers a path (region of arrowhead) from its 
lateral cell body (asterisk) to the VNC (arrow) be- 
fore turning to grow along the VNC toward the 
bhead. (Q In an evo-1lev751) mutant animal, as in 
‘sax-3y123) and st-1(eh15) mutant animals, the 
‘AVM axon frequently Table 2) grows longitudinally 
‘toward the head (arrow) without fist extending to 
the VNC. Scale bar, 10 um. 
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1936 


ORTS 


Fig, 2. Molecular characterization of evo-1. 
(Ato C) DNA and cDNA sequencing meth- 
‘ods are summarized in the SOM. (A) A 
subclone representing F23A7.3a in the 
‘overlapping region of cosmids F482 and 
FR2A7 rescues evo-Llev751) (11). Rescue 
results are shown to the right, with ++ 
indicating nearly ful rescue). (8) evo-L 
mutations are also rescued by varius other 
corstructs (SOM tei). Exons are indicated 
by orange boxes, 5° and 3° untranslated 
regions are shown with thick lines, and 
‘mec7 promoter regions are indicated by 
blue lines. evo-I/ev750) has a missense 
mutation in the second conserved Cys 
(codon 186) in the fourth exon. A construct 
‘amrying the ev751 mutation only slightly 
rescued significantly at 20°C (Table 2) but 
nat at 25°C, indicating that the ev75I 
mutation makes this protein thermolabile. 
(© (Top) Nematode EVA-1 has a signal 
sequence for secretion (3), two predicted 
Galbinding lectin domains (green), a pre- 
diced TM domain (yellow), and predicted 
‘cytoplasmic Ser/Arg-rich domains (SR rich, 
‘orange circle), This domain organization 
is found in CBPO4604 (Coenorhabdits 
briggsae), HuC21or'63, and MmC210rf63 
[proteins identified from the Down's syn- 
‘drome project (12)]. The numbers show 


A 


EVA-1(CDNA):GFP 


mec-7pEVA-1(cDNA) 
mec-7p:EVA-1(C186Y) 
mec-7pxEVA-1(delC) 
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Sall F32A7.3 Pstt 


Rescue 


est Spl 


} PAMIUBamHtS22,751 tmoo74 
+ 
EVA-41(1-41a.a) ———_ 3 


EVA-1(Psti-Sall) 


EVA41:GFP 


mec-7pzEVA-1 


BPO4604 —_, Gail etn daiidlin- Gal lectin domain 
93% 


rire te 
gate Witt ++ 


=e 2 
— ee at Ce 
to 
95% TM 94% 


at i ae 
34% 31% ren 18% 

HuC2torf63 
94% 90% ™ 73% 
Mmc2tort63  —gallaetindshitn-callaetindsiian- | 


the percentage identity of EVA-1 with predicted Gal-binding and intracellular domains of related proteins (see fig. $1 for direct sequence comparisons) 


Fig, 3. EVAL and SAX3 
«colocalization in mamma- 
tian cells. Alexa tags used 
for 293T cell colocalization 
stu were observed and 
photographed with a Leica 
'SP2 confocal mixoscope in 
a single axis plane (12), 
(A to D) Confocal local- 
ization pattems of EVAL 
[secondary antibody is 
‘Alexa 488-agged (reer) 
and SAX-3. [secondary 
antibody is Alera 546~ 
tagged (ein 293T calls 
are shown in (A) and (8), 
The overlap between 
‘Alera 546 and Alexa 488 


c D . 


in (C) is yellow. (0) Differential interference contrast view of cells shown in (A) to (Q. Scale bar in 


A), 8 um, 


nary data indicate that EVA-1 can combine as a 
homomultimer (fig, $3). 

AVM pionceraxon guidance is affected by 
mutations in wne-6, une-40, slt-1, and sax-3 
genes. To examine whether EVA-I acts in the 
same pathway as UNC-6 and UNC-40, we 
analyzed eva-1(ev75 1):une-64e400) and unc-40 
(e1430)eva-I(ev751) double-null mutants. Theit 
defects were ether roughly equal to the additive 
effects of each gene (eval; unc-6) or had 
moderate synergistic effects (unc-40 eva-1) 
(Table 1). These results suggest that EVA-1, 
like SLT-1 (2), acts in parallel with UNC-6 and 
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UNC-40 and somewhat redundantly with UNC- 
40 for AVM pioneer-axon guidanc 

All or nearly all AVM pioneer-axon guidance 
is lost in the eva-I(ev751)}: une-(e400) oF tnc- 
40(e1430)eva-l(ev75 1) double mutants, as Was 
previously shown for une-40(e1430);sl-1(eh15) 
(2) In contrast, PVM axon guidance is barely sen- 
sitive to mutations in eva-1 or sl-/, but relevant 
double mutants suggest that SUT-1 and EVA-I have 
guidance functions that are almost totally adundant 
with UNC-6 and UNC-40 in PVM (Table 1). 

We found that AVM pioneer-axon guid- 
ance defects in eva-I(ev751);sax-3(ky123) 


and eva-I(ev75 );sh-1(eh15) double-null and 


evea-1(ev751);sax-S(hy123)sli-1(eh15) triple-null 
mutants were not sign penotrant 
than the corresponding single mutants (Table 1), 
demonstrating that EVA-1, and SAX-3 


all act in the same pathway for AVM axon 
guidance. 

To examine the cell-specific expression 
pattem of EVA-1, we generated green fluores- 
cent protein (Gi 
translational (CDNA and genomic) reporters 
(Fig. 2B), driven by 3.6 (first two constructs 
‘only) oF 4.1 kb of eva-/ upstream sequence and 
1248 bp of endogenous 3° genomic sequence. 
The translational GFP fusion protein rescued 
AVM (lable S1) and PVM [13 aut of 550 (13/550) 
mutant defects rescued 10 0/550, respectively} 
and localized at or near the surface of several cell 
types (fig. S4F). This finding is in accordance 
with the predicted signal sequence and TM do- 
main of EVA-1 (hich suggests that EVA+1 is a 
TM protein) and is further supported by the abil- 
ity of live (nonpermeabilized) EVA-1-expressing 
mammalian cells to bind SLT-1 (soe below). 

‘The EVA-1:GEP fusion protein is widely 
expressed in the developing nervous system 
during the period of embryogenesis (the comma 
stage), when most axon. growth is occurring, 
The same result was found previously for 
SAX-3 (2), In first-arval-stage animals, strong 
expression is observed in ventral and dorsal 
nerve cords and in the PVM neurons but sur 
Prisingly not in the AVM neurons, which are 
more frequently misguided in eva-/- mutants. 
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Table 2. ALM cell migration defects in mec-7p::EVA-1(delC) animals. ALMUR % anterior indicates 
the percentage of animals in which the final position of ALM is anterior to the WT position. SD was 
calculated for N experiments; n, total number of animals that were scored, 


AUAUR 
cates be anterior bad sal 
mec TpEVALGEIO B 3099) 
sax 3hty123) 18 212669) 
sax By 123):mec-7p:EVA-1delO 15 4647) 
sit-(eh15) 0 102252) 
sit-d(eht5):mec-7p:€VA-1delO 2 4(751) 
slt-1(eh15)sar-30y123) a 70487) 
= ev0-1(ev751) 0 74894) 
Total Cell Lysate ES 
fehl iors fe ee Sse 3120 “ an 
79 U-lev400):mec-7p:EVA-1deK) 18 30366) 
1P: anti-flag Ab 30 wnc-40(61430) o 31626) 
WBiantitieg AD f 00 une-40(€1430): mec-7p::EVA-1(delO) v 3425) 
inyo3pst-1 2 31631) 
antiflagAb [era fens : 7 
connie Pre meZniEvAIStOsmye Ips 1 2277) 
i ld 
mee Fig. 5. A dualfunction A B 
Fig. 4, Binding of EVA-2, SLT-L, and SAX to model of how SAX-3 
to oer 23 cs ered wa) sn Ai er in WT AVM in eva-1(ev751) or sit-1(eh15) 
ci AKI, 3HPLAGZEVA- = guidance. In AVM, UNC6 . 
40: 3xFLAG- (contol at fa right), SLT-1AP- or Sia aa oe T — bs ii 
AP-expressing plasmids. Nonpermeabilized trans- signaling function in par- { { EVA C1o6y 
fected cells were incubated with SLI-1:AP or AP allel Green indicates func: UNC-40 ASAXS —EY%) —ync4o sax Eki : 
‘media (containing equal activites of AP. The FLAG- tions that are active (evan | 
tagged proteins were expressed roughly equally, inhibitory functions, whereas | | 
as determined by immunoblotting (ig. 57. SLT- fed ineScates functions that Venteal Ventral Vertrat 
1:AP or AP bound to the cell surface was de- are inactve. (A) In WT an- Guidance Guidance Guidance Guidance 
tected by an AP color reaction (7). AP activity is imal, SLT-1 acthation and 


visible on cells transfected with 3xFLAG=SAK-3 
(SAX-3) of 3xF1AG:EVA-1 (EVA-1) and incubated 
with SUT-1:AP, but not on UNC-40::3xF1AG 
transfected cells incubated with SUT-1:AP (control 
at right) or on receptor transfected cells incubated 
with AP alone (bottom). (B) The cell lysates of 
293T cells transiently cotransfected with 3xFLAG: 
SAX-3 and/or 3xFLAG=TGFbetall receptor (TGFBI) 
‘andlor HAEVA-2 (top) were (lysed and immuno- 
blotted (18) with anti-FLAG (total cell lysate) or Gid 
‘immunopreciptated (IP) with anti-FLAG (Genhunter, 
Nashville, Tennessee) or anti-HA, subjected to SDS— 
polyacrylamide gel electrophoresis, and immuno- 
blotted with anti-FLAG oF anti-HA, as shown at 
the left of each blot 


GFP is also detected in other neurons in the head 
and ail and in musele and the hypodermis, 
uterus, and vulva (fig. $4), Most GEP-expressing 
cells have no obvious defects in eva-/ mutants 
‘but may possess signaling mechanisms that 
function redundantly with EVA-1, as we know 
to be true for PVM (Table 1). 

We also examined colocalization of tugged 
EVAcI and SAX-3 proteins in mammalian cells 
using Alexa-conjugated secondary antibodies 
(see SOM for procedures). The cells were 
visualized with goat antibody to mouse (anti- 
‘mouse) [Alexa 488 (green in Fig. 3B)] and anti- 
rabbit [Alexa 546 (red in Fig. 3A)] fluorescent 
secondary antibodies (1:250) (Molecular Probes, 
Invitrogen, Carlsbad, CA). Both proteins local- 
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EVA-1 expression prevent SAX-3 from inhibiting a ventral-guidance signaling mechanism involving UNC- 
40/DCC. Therefore, both SAX-3 and parallel signaling are fully functional for ventral guidance. (B) in the 
absence of SLT-1 or EVA-1 function, SAX-3 no longer works as a pioneer-axon guidance receptor but is 
freed to inhibit ventral-guidance signaling involving UNC-AQVDCC. This accounts for the higher penetrance 
of AVM axon guidance defects in predicted sit. and eva-Z null mutants as compared with sax-3 null 


‘mutants (Table 1). 


ize on oF near cell membrane surfaces and in an 
uneven distribution that includes large regions 
of overlap (Fig. 3). This colocalization is 
‘consistent with the protein interaction results 
described below. 

Cell-specifie rescue and RNA interference 
experiments indicate that eva-/(+) functions 
in AVM for pioncer-axon guidance; however, 
these results are not as definitive as those of 
mosaic analysis (SOM text). For mosaic 
analysis, we made transgenic animals carrying 
an extrachromosomal array with both sur-Sp: 
‘SUR-S::mCherry (to mark the nuclei of all 
‘cells carrying the transgene) and the rescuing- 
translational reporter in a strain carrying a 
genomic reporter for examining AVM axon 
morphology (mee-7p::GFP) (10). We then 
scored for loss of the sur-Sp::SUR-S: 
mCherryseva-Ip::EVA-I::GFP asray in cells 
that readily mark appropriate lineages (fig. SS). 
Four out of 10 losses in a progenitor to AVM 
had axon guidance defects, whereas 14/14 
losses in other lineages had no AVM pioncer- 
axon guidance defects. Two out of three mosaic 


‘animals that lost the array in QR but not in its 
sister cell VSR had AVM axon guidance 
defects, whereas 66 losses in VSR had normal 
AVM axons. These results indicate that the 
absence of eva-/(+) in the descendants of QR, 
\which include only three neurons (AVM, SDOR, 
sand AQR) but not descendants of VS (or other 
cells in these animals; fig. $5) causes AVM 
pioncer-axon guidance defects. 

SAX-3/Robo is known to have SLT-1 
dependent and independent functions (2, 8). 
‘The phenotypes and penetrance of the eva-/ nul 
closely mimic the slt-/ null and also represent a 
fiction of sax-3-null mutant phenotypes and 
penetrance, This includes VNC midline axon 
‘erossing, nerve-ring axon guidance, CAN cell 
migration (2), viability, and body morphology 
‘and locomotion defects (8) (table $2). Thus, the 
‘combined data suggest that EVA-1 is required in 
all aspects of SLT-I-dependent but not in SLT- 
| independent functions of SAX-3/Robo, Our 
interpretation is that there are two classes of 
cells that express and use SAX3. One coex- 
presses EVA-I, allowing the SAX-3 receptor to 
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respond to SLT-1, whereas the other expresses 
'SAX-3 butnot EVA-1 and consequently doesnot 
respond to SLT-1, 

If this is comect, then adding EVA-1 to 
SAX-3-dependent SLT-1-independent cells 
could make them responsive to SLT-1. We 
found that the expression of functional EVA-1 
(delC) in the touch-receptor neurons causes 
‘ALM cell-body displacements toward the head 
(lure to fully migrate posteriorly), like those 
‘observed in sax-3 but notin slt-f mutants (Table 
2), We found that these EVA-I-induced dis- 
placements were suppressed by mutations in sle/, 
indicating that ectopic EVA-1 made the migra- 
tion of these cells dependent on SLT-1 function. 
‘Thus, EVA-I provides the specificity needed for 
‘SLT-| to mediate the SAX-3 signaling required 
to guide migrating cells and, by inference, mi- 
‘grating growth cones, 

‘The simplest interpretation of our genetic, 
results and the known domain structure of 
EVA-I suggest that EVA-1 acts as a receptor for 
‘SLT-1 required for SAX-3 signaling, To further 
examine this possibility, we did two kinds of 
binding experiments (Fig. 4 legend and fig. $6). 
First, we found that roughly 100-fold concen- 
trated alkaline phosphatase (AP)-tagged SLT-1 
(SLT-1:AP) could bind to 293T cells expressing 
cither SAX-3 (as expected) oF EVA-1, but not to 
UNC-40-expressing cells (see Fig. 4A and fig. 
‘$6 for additional evidence). Similar results were 
foblained with the use of luminescence-based 
‘mammalian interactome (fig, $6). Second, we 
found that immunoprecipitation of tagged SAX- 
3, but not of the unrelated transforming. growth 
factor- type II receptor, specifically eoimmu- 
noprecipitated EVA-1 (Fig. 4B). These 
experiments demonstrate that SLT-1 binds to 
'SAX-3, as expected, and also binds to EVA-L 
Because EVA-1 functions in the same pathway 
as SLI-1, the simplest interpretation of these 
results is that EVA-1 binds SAX-3 as a co 
receptor for SLT-1. This idea is supported by 
the ability of EVA-1_ to provide cell specific- 
ity to the action of SLT-1 through SAX-3. 

By scoring large numbers of animals grown 
at 25°C, we identified a previously unap- 
ppreciated genetic interaction between sax-3 and 
sit] and a similar interaction between sax-3 and 
evel, The AVM guidance defects are roughly 
twice as penetrant in slt-1(eh/5) (48%) and 
eva-1(ev751) (53%) putative null alleles than 
in the sax-3(ky/23) putative mull (22%), sug~ 
{gesting that although SLT-1 and EVA-1 can 
function with SAX-3, they may also have an 
equally potent SAX-3-independent function 
in guiding AVM pioneer axons. However, 
sax-3(ky123)slt-1(eh15) and eva-I(ev751): 
sav-3¢hy123) double mutants plus eva-/(ev751): 
‘sav-3¢ky'123)slt-1(eh15) triple mutants each show 
similar penetrance to the sax-3¢ky/23) single 
‘mutant (21, 19, 20, and 22%, respectively) for 
AVM guidance defects, suggesting that EVA-1 
does not have a SAX-3-independent function 
(Table 1). In fact, sax-3 mutations appear to be 
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epistatic 10 the AVM axon guidance defects 
‘caused by eva-/ and sit-] mutations, demon- 
trating that when SAX-3 is nonfunctional, ven- 
trally oriented AVM pioncer-axon guidance is 
facilitated. This facilitation could occur because 
SAX-3, when not bound to SLT-1 or EVA-I, 
‘normally inhibits & guidance mechanism that acts 
in parallel to SLT signaling. 

Of possible relevance, it has been found for 
Xenopus neurons that netrin-UNC-40/DCC 
mediated axon guidance in cultured cells can be 
silenced by a mechanism involving the stimula- 
tion of Robo by Sli and a consequent inter- 
action between the cytodomains of Robo and 
DCC (3). These results suggest that the parallel 
‘axon guidance pathway that is inhibited by SAX~ 
3 in C. elegans could be the UNC-6inetrin. 
UNC-40:DCC pathway. This possiblity is even 
more enticing because C. elegans SAX-3 is also 
known to bind UNC-40, but the biological 
function of this interaction is unknown (14). 

There is no obvious reason for silencing 10 
exist in axons such as AVM pionaer axons, which 
would otherwise be pushed by one mechanism 
(SLF- signaling) and simultancously pulled to the 
same place (the VNC) by a second mechanism 
(UNC-6/netrin signaling). However, itis possible 
that silencing is required to dampen a guidance- 
related signaling mechanism that would otherwise 
be oversaturated by a high concentration of the 
guidance ave. For example, as an AVM growth 
‘cone approaches the VNC, it may encounter such 
‘high oversaturting concentration of UNC-6 that 
it can no longer sense the UNC-6 gradient, The 
reduced amount of SLT-1 near the VNC could 
allow SAX-3 to dampen UNC6 signaling by 
binding and inhibiting an UNC-6 signaling 
component such as UNC-40, thereby restoring 
theability of the growth cone to comely interpret 
the guidance information provided near the high 
end of the UNC-6 gradient. If this were true, then 
at least some of the AVM pioncersaxon guidance 
defects of a sax-3 mutant might happen because 
UNC signaling near the VNC would not be 
dampened. 

The above considerations raise the coun- 
terintuitive possibility that reducing UNC-40 
function would suppress the AVM guidance 
defects of a sax-3 mutant or a sax-3 sit-1 double 
‘mutant. To examine this prediction, we scored 
AVM axon guidance defects in unc-40/balanc- 

3 sited animals and found a significantly 
lower penetrance (P < 0,005) of AVM defects 
(10%) than in sax-3 single (22%) or sax-3 sit- 
7 double mutants (24%) (Table 1). This 
‘counterintuitive result is consistent with the 
model that SAX-3, in the absence of SLT-1 or 
EVA-I function, can dampen or silence sig- 
naling through the UNC-40 receptor, which 
normally mediates the attraction of UNC-40: 
expressing axons toward ventral sources of 
UNC (Fig. 5) (SOM text). 

EVA-1 is a previously unknown receptor 
for SAX-3/Robo in C. elegans with an 
‘apparent counterpart in mammals. EVA-1 acts 


to allow SAX-3/Robo to clicit a guidance 
‘response to SLT-1/Slit in cells expressing both 
receptors. EVA-I, like SLT-1, can also regu- 
late attractive signaling of UNC-6/netrin by 
«dampening the signaling through UNC-40/DCC 
in the AVM in a manner dependent on the 
SAX-3/Robo eytodomain (SOM). This dam- 
pening is proposed 19 be a mechanism for 
reducing the set-point sensitivity of the AVM 
‘growth cone as it moves up the UNC-6/netrin 
‘gradient, preventing the UNC-6 signals from 
becoming oversaturating. EVA-1 has putative 
Gal-binding lectinlike domains that could bind 
to complex carbohydrates on SAX-3/Robo, 
SLEEVSlit, or even heparan sulfate proteogly- 
‘cans, which have also been shown 10 interact 
With Slit and may help to localize this secreted 
‘eve in Drosophila and mammals (15-17). 
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Portable Pipettor 


Sample Concentrator 
The Ultravap isa robot-compatible, high-speedsys- 
tem for concentrating samples in 96-well or 384- 
well microplates. Designed to remove the tradi- 
tional laboratory bottleneck of solvent evaporation 
{rom microplates prior to analysis or resuspension 
in buffer, the Ultravap can increase sample 
throughput with its advanced evaporator head 
tecinology and innovative manifold desig, which 
directly injects heated nitrogen into each individual 
wel of the microplate simultaneously. The system 
femoves even the most stubborn solvents in just 
‘minutes, For heat sensitive and thermally labile 
samples, the Ultravap can be operated in a unique 
two-stage mode, combining rapid initial dry-down 
With carefully controlled final solvent evaporation. 
Drying programs can be retained in the memory. An 
S232 interface allows remote control from a per- 
sonal computer. Theabiliy to upload.and download 
‘methods allows the Ultravap to be fully integrated 
‘nto robotic automation systems. 

Porvair Sciences For information 

448-1932 240255 


Literature 

Detergents and Their Uses in Membrane Protein 
Science is a brochure that describes the physical 
chemical properties of surfactants and haw these 
properties relate to detergent function. This ref- 
erence booklet can aid the researcher in choos 
{ng which detergent is best suited for a particular 
application. An extensive list of references 
directs readers to applicable studies. 

‘Anatrace For information 419-891-3030 
vwmewanatrace.com 


The CyBi-NanoletFAP is a workstation for assay 
development or cell-based assays. It enables fast 
and flexible small-volume dispensing down to 
50 nl. Cell seeding and assay reagent dispensing 


www.sciencemag.org 


‘The Drummond Portable Pipet-Aid XL has a long lightweight handle, which lessens the 
arm lift required to perform the same pipetting operation as with a conventional pipet- 
tor. The lower arm position reduces shoulder and neck strain, particularly when working 
‘under a hood. The ergonomic design includes an adjustable hand rest and a removable 
stand that enables the user to set down the unit without contaminating the pipet. The unit 
can be charged while being used, eliminating downtime. Three speed settings provide 
precise control for both aspirate and dispense modes. 

Drummond Scientific For information 800-523-7480 wr.drummondsc.com 


‘an be done in a single run in 8 or 16 individual 
reagent lines. The instrument features an inte~ 
grated calibration wizard for optical and gravi- 
‘metrical calibrations, a channel-managing mod- 
ule, and a combination tool for different types of 
reservoirs. A unique pressure and valve system 
enables it to dispense cells and beads with a min- 
imum of sedimentation effects. 

CyBio For information +49 36 41 3510 
wmncybio-ag.com 


Luminescent Image Analyzer 
The LAS-4000 is a versatile luminescent image 
analyzer suited for protein immunoblotting and in 
vivo imaging of small animals wth expanded fluo- 
‘escent capabilities. The latest version of the LAS 
line of charge-coupled device-based (CCD) camera 
systems, the instrument is distinguished from its 
predecessor by additional light sources, most 
‘notably epi-ultraviolet and epi-near-infrared illu- 
‘minators, coupled with in-vivo imaging of small 
animal samples, The ultravilet tight source gives 
researchers the ability to use quantum dots for in 
vitro applications such as multi-spectral protein 
immunoblotting. Infrared capabilities enable 
deeper penetration of excitation tight for high-sen- 
sitivity small-animal in vivo imaging using longer- 
wavelength fluorochromes like Cy 7 and Alexa 
Fluor 750. Additional features include six inter 
changeable light sources, a five-position filter tur- 
fet, and a 3.2-megapixel super CCD imaging chip 
cooled to -30°C for decreased noise during long 
exposures. The lens can capture images from dis- 
tances as short as several tens of centimeters. 
Fujifilm Life Science For information 
866-902-3854 wn fujifimscenceusa.com 


rature 

HuCAL Antibodies Technical Manual describes the 
principles behind HuCAL recombinant antibodies 
and the basis oftheir specificity t presents proto- 


‘cos, examples, and troubleshooting tips for their 
se in applications such as protein immunoblotting, 
‘enzyme-linked immunosorbent assay, immunohis- 
‘tochemistry, and flow cytometry, HuCAL antibodies, 
are selected from ahigh-quality, synthetic library of 
‘more than 15 billion expressible antibody specific 
ties. In addition to explaining the key design and 
‘constuction features ofthe HuCAL ibrar, the tech- 
nical manual also explains why HuCAL antibodies 
are preferable to fullimmunoglobutns for immuno 
histochemistry, cell isolation, and even protein crys- 
tallization aswell ashow the selection can be geared 
todirectly generate a monactonal antibody that ean 
distinguish between a wildtype protein and a single 
‘amino acid mutation. 

AbD Serotec For information +44 1865 852 709 
rmmab-direck.com 


Electrocompetent and Chemically 
Competent Cells 

‘The TransforMax C100 Electrocompetent E.coli 
‘and Transformax EC100 Chemically Competent 
E. coli competent cells are suitable for most 
cloning applications. Benefits include high 
transformation efficiencies, the ability to accept 
large DNAs for construction of large-insert 
‘genomic libraries, and a genotype for blue/white 
screening of recombinants. The cells are also 
‘genotypically endonuctear minus and recombi- 
nation minus to ensure high yields of DNA and 
the greater stability of large cloned inserts. 
Epicentre Biotechnologies For information 
800-284-8474 wwn.EpiBio.com 


Newly offered instrumentation, apparatus and laboratory 
‘materials of iterest to researchers in all disciplines in aca- 
emi, industrial and government organizations are featured 
in this space. Emphasis is given to purpose, chi characters- 
tis and availabilty of products and materials, Endorsement by 
Science or AAS a any products or materials mentioned snot 
‘implied. Additional information may be btained {om the 
smanuactre or supple. 
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ASSISTANT/ASSOCIATE PROFESSOR 
Computer Science 
‘Tenure-Track epin Angust 15, 2008 

The Department of Boies acd Compr 
Science athe Unry ofthe Scknces sch dy 
amie faruky member to pm our recom expanded 
open ia Basaran med Comper Sicee 
Tietawnonid coisa wil bcs oop ot 
tncnt to racach teaching and nestor bath grad 
wae unrpate inThe te cnda vl 

re signicam experince in sofware appestions 
development sings vay of language cron, 
anu/or dowiuacdcompating, ystems ats and 
wrcbbmed dvelopenent:Canthnes with related e 
‘arch incren v any ares ofthe He scence, me 
‘Sinfomatc, and/or Bosna ar encouraged 
arr 

Te ives ofthe Scenes Philadelphia (USP) 
Departmen f Bani and Conperer Sconce 
oftfes the BSS in compuner sence 2 wel onthe 
B.S and the MS. tn Banformarcr’ The seer 
cocbdne wi be cpecad wo Scelop sree peo 
ject that integrates eae reac in caning 
‘Scmpurer cence, and cempere for excl funding 
Ne tcl wil ae the oppor w cabot 
sith other USP Fay in sere numberof peal 
{hs lnchaingWcfrmaic, Biche computer 
2a dg design, compurtional hem rah ond 
Statscon the heath sconces USP Bas ce 
pened 3 mew sue of then Sckace and Technet 
by Cencr which hows the Department of Bio 
Siew and Conger Sceoce, The icentbeat 
will moveinsoa new eles space, excach laboratory, 
2nd inpeeuive computational etctng fac, 

USP» uiventy of ower 2,800 endegraduate 
and graduane malcns, with pear inthe atl 
scent, pharmacy, and ther Real dated aes, 
For sdiitons! information, cansle out webeite: 
bp: 

oka a ie oricat vitae ares) 
of ething tmecas a roca pla, epipe tsy 
tad comes oreivon Br tron eerereestar De 
James C. Pierce, Department of Bioinformatics 
and Compoter Sense University ofthe Scences 
Philsdclphis, 600 5. 43ed Stree, Philadelphia, 
FATOIDE: Ema: compan. eco 

ations encourage Ea oF iplcaios 
SFI Regan October 152007, and continue wl the 
position Bed 

AfatoeAca/ Eel Oppo Engr 


The Department of Biochemistry at Brandeis 
University insite applications for a tenure track fe 
tlty postion at the rank of ASSISTANT. PRO- 
FESSOR beginning fll 2008. We are searching 
for a creative sckenast who will establish 3 vigorous 
independent research prograrn and also excel at 
teaching. The research program should addres fun 
‘damental biological questions atthe molecular level 
Snd complemen exating Department srengths in 
nab of protein structure and function. Research 
Fiekls of paricular interest iiclude ruck acid bio 
chemistry, chemical Iedogy, and biochemsstry of eon 
1 ce Urey fs terre conblaon of 
an pletion recopized reach unten 2 
Sonall college setting. The suburban. campus is just 
20 inutes from the busthog academic and i 
technclogy centers of Boston and Cambiige 

‘Candles should subesit their curriculum vitae, 
a brief research proposal, and three leters of refer 

Christopher Miller, Professor of Biochemistry 

Beandeis University 
MS 013, 
P.0. Box 549110 
Waltham, MA 02454-9110 

Fin consieration wil be given to applications 
‘eived by November 15, 2007. 

‘Bend Uncerty i ar Epa Oppotiny Employer, om 
nine to bidding & onli, ec staal teeny, 
Sad save entmrae aplSaions fom wen and mise 
‘lids 


POSITIONS OPE 


ao UNIVERSITY OF 
(eS) NOTRE DAME 


‘The University of Notre Dame invites applica 
tions fora dynamicleader and visionary t serve 
3s DEAN, COLLEGE of SCIENCE. The' 

lege contains 12 research centers and includes 
140 faculty members in four academic depart 


ments: Biology, Chemistry and Biochemistry, 
Mathematics, and Physics. Supported by a $70 
million science teaching facility, $43 million in 
catramural funding, and significant imminent 
institutional investments, che College aims to 
strengthen and expand its research program Té 
apply, please send cover lerer and curriculum 
‘eae viaemail only to Lisa Prigohzy: 

‘email: ndscienceit presidioscarch.com, 


"TENURE TRACK ASSISTANT/ASSOCIATE 
PROFESSOR, 
Brown University 
Environmental Change Lnitiative 

{As part of its plan for academic enrichment, the 
Environmental Change Initiative and Brown Univer 
sity seck a faculty member at the ASSISTANT/ 
ASSOCIATE PROFESSOR lev, with preference 
for Asistart Professor, who has broad interests be 
tween socal and environmental systems: working 
facnss scales, The Environmental Change titative 
(ECD is aimed at fostering inteesciphinary research 
and education in the area of the environmental sc 
fences. Brown University is making major investments 
in the ECI, including additional fulky appoint 
‘ments, new” resources. for interdsciplinary research 
training, ands new cooperative radiate program 
with the Marine Biologial Laboratory (MBL) at 
Woods Hole. This appa 
in the Deparment of Sociol 
Politica Science, or Eco 
‘oy, deperaing On the affinities of the candidate, We 
Scek canalidates that can integrate their research ef 
fons with enviconmentally tekvant natural seienees 
sparing sociology, ceogy, evolutionary biology, abd 
{edogy and who have experince working in an 
interdciphnary team. 

Rewirmeny incu Ph. inancnronmenaly 
related discipline, a record of externally finde re 
search and peer reviewed publications, ara a commit 
toes to ckcllece in grate an udengadine 

To apply, ple send a leer desrbing research 
and teaching interests and the ft of the candidate 
‘within the ECI, eurent curriculum vitae, and thive 
letter of reference for Awistant Professors ce at east 
five references who may be contacted by the Search 
Commitice fir Awoxiate Prokssors to: Professor 
Osvaldo Sala, Director, Environmental Change 
Initiate, P.O. Box 1951, Brown University, 
Providence, Ri 02912. Fer further inquiries, plese 
comtct emai: onaldo sla@brown.edu, Apia 
floes wil be renee sang Nove | 2007, 
and accepted until the position is filed’ foun 
Uierty 6 an Eyual Employment Opputy/Aiimatve 
Aion Epler 


GRADUATE PROGRAM 


“The Louisiana State University Health Seiences 
Genter Shreepor., Deparment of Micraiology 
and Immunology’ offers an INDIVIDUALLY- 
TALLORED PROGRAM of course work and re 
search leading to the Ph.D. degree. Stipend plus 
tuition waiver is provided. Outstanding equipment 
and facilities are available. Research focus areas in 
lude cancer, virology, bactesology, and immundlogy 
Jin us in cur quest to probe microbe-host cell 
teractions. Soe website: herp: //www.lsubscmicro, 
com or write w e-mail: agraha@lsuhscedu Tor nore 
‘eral. a 


www.sciencecareers.org 


1G AUSTRIA 


Institute of Science and Technology 


The Institute of Science and Technology Austria 
Is searching for its first 


PRESIDENT 


1.S.T. Austria (www.ist-austria.ac.at) is a new Institute located near Vienna, dedicated to 
high quality basic research. It is open to all fields of the Natural Sciences and is entitled 
to award its own independent Ph.D. Degrees. 


The Institute was established by the Austrian Government, based on a law passed by Parliament 
in 2006. Its funding is substantial, allowing for an approximate size of 600 employees and graduate 
students at the end of ten years, with significant allocations for construction, equipment and 
maintenance. It aims at an international mix of scientists and will choose its top researchers on 
the basis of their individual excellence, their scientific leadership and their potential contribution 
to a comprehensive research effort. 


|.S.T. Austria will include a Graduate School, training scientists for the Ph.D. degree and hosting 
a significant number of postdoctoral fellows. While the emphasis is on basic research, applicable 
by-products will be exploited by licences to Industry. A nearby industrial park is being planned. 
The Board of Trustees (listed at www.ist-austria.ac.at) includes renowned international scientists 
and leaders of the Austrian private sector, with no political or government representatives. 


The President will be the Chief Executive of |.S.T. Austria, elected by the Board of Trustees for a 
four year term, renewable for additional periods. Compensation will be competitive with major 
Research Institutes and Universities in Europe. The starting date of the appointment is negotiable. 


The President may be of any nationality and any field of research. He or she mustbe an outstanding 
scientist with leadership qualities, both as a researcher and especially as a builder and organizer 
of scientific institutions. I.S.T. Austria welcomes both candidates in the prime of their scientific 
career, responding to the challenge of building an outstanding new Institute, as well as experienced 
leading scientists, who have already successfully led and built such Institutions. 


Confidential applications and nominations may be sent to any member of the Board of Trustees, 
or to president.search @ist-austria.ac.at. Applications must include CY, list of publications 
and a description of experience and scientific interests. Nominations should include an appraisal 
of the achievements and leadership qualifications of the nominee. 
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FEATURED EMPLOYER 


TESTING THE WATERS 


In the same period of time it takes to earn a Ph.D., budding scientists can experiment with 
‘wide variety of educational paths and career tracks—and discover what they really want 
to do, By jill U. Adams 


people worldwide last year, a good number of them scientists. The US Food and Drug 
‘Administration (FDA) added nearly 50 new project managers to its Center for Drug 
Evaluation and Research (CDER) in Washington, D. 

Want more education first? Georgia Tech seeks “Ph.D.-caliber students” for its profes: 
sional Master's program, which trains them to apply innovative, interdisciplinary science to 
current, real-world problems. 

You don't need a Ph.D. to be a scientist. Companies large and small hire Bachelor's of 
Science (B.S.) and Master's of Science (M.S.) scientists every year, as do government agen- 
cies and other nonprofits. Universities are noticing, tailoring programs of study to the 
demands of the job market. 

“| always say there isn't a company out there that doesn’t need a scientist,” 
says Rich Pennock of Kelly Scientific Resources, a global human resources 
firm. 


[= science? Want to work in a company or a govemment agency? Amgen hired 4,000 


Trends in the Marketplace 

Listen to these employers from across the spectrum of employment 
sectors, "We are a science-led organization,” says Kathryn Carbone 
of the FDA. “Amgen is a science-based company,” says Cindy Mor- 
rison. “Science and scientists form the fundamental background of 
what we do at Kraft in R&D,” says Russ Moroz of Kraft Foods. 

The biotechnology and pharmaceutical industry usually pops up first in many 
people's minds, with companies in that sector continuing to hire scientists at both the B.S. 
and M.S. levels. Disciplines that are in particularly high demand are microbiology, molecu: 
lar biology, and organic chemistry, with opportunities for technicians in research and devel- 
‘opment (R&D), quality control (QC), and manufacturing. 66) always 

‘Another place to consider is the chemical industry, where there is a need for scientists in 
quality assurance (QA) and QC who are well versed in chemical processes. — 

But taking time to look beyond the obvious reveals a range of opportunities. in addi- Say there isn'ta 
tion to pharmaceutical and chemical companies, commercial operations based on science 
include producers of cosmetics, food, and medical devices, as well as clinical research and 
environmental organizations. 

The food industry, while not often considered by biology majors, has high demand—par: 
ticularly for microbiologists—both in the R&D and QC areas, says Pennock. “Ifcompanies that doesn’t need a 
are producing a product for human consumption, they need to do biological testing on 
it—and on the equipment,” he says. This is true for big companies, as well as “your small 
local company that makes potato chips.” 

The semiconductor industry and nanotechnology areas are very active, with plenty of 
startup companies. Government careers range from federal agencies concemed with regu 
latory issues, like the FDA and the US Environmental Protection Agency, to the municipality 
level, for example, a county interested in using geographical information systems to plot 
local resources. 

All these organizations hire scientists at all degree levels, but that doesn't mean B.S. 
and M.S. scientists are just support staff for Ph.D.-level employees. Infact, a science back- 
‘ground is valuable for a broad array of career tracks in which you can rise to the top with a 
Bachelor's degree. continued » 


company out there 
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UPCOMING FEATURES 
Focus on Diversity — October 5 
Top Employers Survey — October 12 


Careers in Neuroscience — October 26 


1942 wwwsciencecareers.org/businessfeatures 
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‘become a longer life? 


Imagine touching the lives of millions of people everywhere, Imagine reaching beyond the ordinary and 
impacting something greater than the bottom line. Imagine influencing some of the most critical issues 


facing healthcare today. 


We are Pfizer Global Research & Development (PGRD), 
the largest pharmaceutical R&D organization in the world. 
‘Our focus on people producing outstanding medicines 
remains our key diver. That is why we continue to expand 
‘our research capabilties while streamlining our business: 
‘operations to be more agile in today's rapidly changing 
business environment. 


‘Our emphasis on innovation has brought to market a 
\wide range of ground: breaking medicines, such as Lipitor, 
Zithromax, Viracept, Zoloft, Vigra, and our newest 
‘smoking cessation medicine, Chantix. 


(Our achievements are the result of our multidisciptinary 
‘teams working together to accomplish boundary-breaking 
results. But there is much more work to be done — and we 
can't do it without you. 


PGR recruits scientists from the folowing backgrounds: 
or degree areas. Join us and help turn discoveries into 
miracles, 


CHEMISTRY: ALL LEVELS AND SPECIALTIES 
Analytical chemistry, computational chemistry, physical 
‘chemistry, formulations, medicinal chemistry, synthetic 
chemistry, and radiochemistry 


BIOLOGY AND BIOCHEMISTRY: ALL LEVELS AND 
‘SPECIALTIES 

Biochemical, celular, andin vo pharmacology, biologics, 
‘genetics, microbial’ fermentation, puriication, PK/PD 
‘modeling, toxicology, veterinary and clinical pathology, 
and comparative medicine 


SUPPLY CHAIN AND PHARMACEUTICAL SCIENCES 
OPERATIONS SPECIALISTS 
Pharmacy, chemistry, and supply chain management 


‘TECHNOLOGY SPECIALISTS 
ADMET screening, bioinformatics, biomarker sciences, 
chemical technology, computational sciences, 
crystallography, ELISA, genomics, GLP bioanalytics, high- 
throughput screening, HPLC, pharmacogenetics, protein 
biochemistry, structural biology 


‘To quality for these positions. you must possess an undergraduate or graduate degree with related research experience. Proven 
‘competence in a laboratory environment, and strong problem soWing and written/verbal communication skils are required. Those 
‘with @ demonstrated abilty to take initiative while working n a team-spinted atmosphere are most highly Sought. 


Now you can be a vital member of a research and development company unlike any other, Pfizer Global Research & 
Development. Join us and use your talents to turn a breakthrough into a longer life. 


To learn more about our people, our produts, and our 
pians for the future, visit www.pfizer.com/careers 


We're proud to be an equal opportunity employer and welcome applications 
from people with dfterent emerences. backgrounds and ethnic origins. 


Careers and Grad Programs for B.S./M.S. Scientists 


Educational Paths 

Eaming a Ph.D. in science is a long road that becomes more narrow 
and specialized as you travel along it. For some people the 
vestment—six to 10 years including postdoctoral training—is worth 
it because they know that’s what they want. However, for those less 
certain about forecasting their career, the shorter road to aB.S.or an 
‘MS. degree may offer more choices and more flexibility in putting a 
career path together. 

Don't underestimate the job market as an educational tool. Bud- 
ding scientists can test-drive employment sectors, individual com- 
panies, and career tracks by taking advantage of intemships and 
entry-level positions with on-the-job training, These experiential op- 
portunities can help inform even the most indecisive person. And 
rather than shelling out for tuition, job experience as education is a 
paid endeavor. 

‘Some people know early on that they want a career in science, but 
not necessarily to advance fundamental knowledge. They'd rather 
apply current knowledge to problems in society or marketplace so- 
lutions, In addition to traditional B.S. and M.S. programs, a growing 
trend in Master's programs isto focus on interdisciplinary fields with 
an applications bent. 

‘And yet...*It's still struggle everywhere, both on and off campus, 
to raise the profile of M.S. degrees,” says Jung Choi, the director of 


the bioinformatics program at Georgia SS 


Tech in Atlanta, who thinks such students 
have much to offer. Georgia Tech is one 
of more than 50 institutions awarding so- 
called professional Master's degrees in a 
hundred or so, sometimes avant-garde, 
disciplines. In addition to bioinformatics, 


i 


uate study, and they learn much from each other. “They very quickly 
form groups, both formal and informal, where they really help each 
other,” Choi says. “People with programming expertise will pair with 
people with a lot a bioscience and they work together very well.” 
Inaddition to scientific coursework, the programs include courses 
inlaw and business, which Harbert’s graduates consistently say have 
been most useful. Another difference is that students do an intern- 
ship rather than a thesis. Georgia Tech students have worked locally, 
at the Centers for Disease Control or Atlanta software companies, 
and farther afield, in Boston, Chicago, or the West Coast, says Choi. 
The employability of a professional Master's degree holder is still 
subject to the marketplace. Choi says the demand for bioinformati- 
cists has not been what he hoped, but blamed industry shakeups 
since the program launched in 2000. On the other hand, the GIS 
‘Master's students from Pitt are highly sought after. “Our best stu- 
dents receive two to three job offers when they're done,” Harbert 
‘says, running the gamut from the major GIS software firms like En- 
vironmental Systems Research (ESRI to the US Forest Service, from 
‘managing university GIS labs to county-level municipal jobs. 
Whereas every school in the land awards Bachelor's in Science de- 
grees each year—in standard subjects like biology, chemistry, and 
computer science—the University of California at Santa Barbara of- 
fers eight different specialized biology majors, including pharmacol- 


ogy. In fact, UCSB was first in the nation 
a 


to offer an undergraduate degree in phar- 
macology (the program started in 1974) 
as a basic science—that is, not related to 
pharmacy training. 

Douglas Thrower, who oversees the 
pharmacology major at UCSB, says, “The 


Georgia Tech has programs in computa- aiked initial motivation was to provide students 
tional finance, human-computer interac- sedcgeaiett with a Bachelor's degree so they could 
tions, and prosthetics and orthotics. —- ‘get positions in industry directly out of 
“The goal is that these are all critical — school." That vision has been met with 
and strategic intellectual areas that are wewnsmgencom constant demand, particularly in south- 
critical to our society,” says Bill Harbert, ern California, which is dotted with bio- 
co-director of the professional Master's Georgia institute of Technology technology and pharmaceutical firms. 
program in geographic information sys: |  wwwbiology.gatech.edu graduate programs Generally students with a B.S, degree 
tems (GIS) at the University of Pittsburgh bioinformatics ina broad or specialized field get jobs as 
(fondly dubbed “Pitt”). “With respect to research assistants. “They're good step- 
global issues like hydrocarbon explora- Kelly Scientific resources ping stone positions in that students can 
tion, fresh water, global climate change, ser etisereces.com/ eb ‘work their way up without getting further 
_global/services/en/pages ” 
this is the important stuff. This is where degrees,” says Thrower. 
we should be investing. Kraft Foods Without a doubt, one of the choices 
The professional Master's degree pro- ‘ipvaeattaaia. that many B.S. and M.S, scientists take is 
grams at Georgia Tech and Pitt are spon- to go back to school and get an advanced 
sored by the Alfred P. Sloan Foundation. University of California, degree. The No. 1 plan for UCSB's phar- 
Often compared to an M.B.A. the degree Santa Barbara macology students is to earn a Pharm. 
is tailored for landing a company job. www lifesciucsb.edu/ undergrad and work as a pharmacist, says Thrower, 
“One way the curriculum differs from Number two is medical school. Likewise, 
2 traditional discipline-based Master's is University of Pittsburgh 2 quarter of the students that Choi has 
that it is interdisciptinary,” says Choi. In worn proms. geology-ptt.edu tracked have gone on to Ph.D. programs. 
his bioinformatics program, students take 
courses in math, computer science, biol- Pitino io] Career Ladder 
‘ogy, and biochemistry. They also have di paar Kraft Foods employs a variety of scien- 


verse backgrounds in terms of undergrad- 
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tists (and engineers), continued » 
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Looking 
to the 
Future? 


The future is 
now at UVA 


Biomedical Sciences 


Graduate Programs Biochemistry, Molecular Biology & Genetics 
Biomedical Engineering 
Microbiology, Immunology & Infectious Diseases 
Molecular Cell & Developmental Biology 
Molecular Medicine 
Neuroscience 
Structural, Computational Biology & Biophysics 


www.bims.virginia.edu 
bims@virginia.edu 


A Bevy of Training Programs Peer- 
Reviewed and Funded by NIH 


GM UNwWersiry/VIRGINIA | 


University of Virginia is an equal opportunity, affirmative action employer. 


Careers and Grad Programs for B.S./M-.S. Scientists 


“It’s not uncommon to hire a Bach- 
elor’s graduate who has had a few 
years of experience, Those folks are 
able to hit the ground running.” 


Jim Summers 


says Moroz, a vice president of global technology and quality at the 
company. Scientists work in the development of products, packag- 
ing, and processes and they work in basic research to explore the 
chemistry of flavors, the physiology of taste, and nutrition of novel 
ingredients. Kraft has four major research and development sites in 
the United States: in New Jersey, New York, Wisconsin, and Illinois. 

‘Amgen values science degrees across the company, says Morri- 
son, including project management, clinical research, licensing and 
business development, and marketing. Company sites are located in 
California, Washington, and Massachusetts. 

For research positions, there's no substitute for laboratory experi- 
ence, says Jim Summers, vice president of advanced technologies at 
‘Abbott, which has research sites in Illinois, New Jersey, Massachu- 
setts, and Germany, That means M.S, scientists, with more time at 
the bench, have an advantage over B.S. candidates. To Summers, it 
represents a certain level of intellectual maturity. “It’s people who 
have tackled a research problem from a problem-solving point of 
view as opposed to simply following a procedure,” he says. 

‘At the same time, “it's not uncommon to hire a Bachelor's gradu- 
ate who has had a few years of experience,” says Summers. "Those 
folks are able to hit the ground running and are able to take on the 
kinds of problems that we would typically have for them.” 

Laboratory experience is very important on an applicant's resume, 
says Moroz, “even if the person's not going to be doing what you 
would view as a classical lab type job.” He sees hands-on experi- 
mental work as good practice in connecting theory to application. in 
the workplace, “it’s all about how you solve the problem,” he says. 
“Most of what we work on, in one form or another, are problems.” 

Employers also value evidence of “soft skills” on a resume: lead- 
ership, teamwork, and communication. “A team environment—it al- 
‘most sounds trite, because you hear it more and more in business,” 
says Pennock of Kelly Services, “but its even more important in the 
science world as scientific disciplines are starting to cross.” 

Kraft is a company that represents the breadth of opportunities 
for scientists, from basic research and quality control to regulatory 
affairs and management. And yet, the most specialized scientists 
doing the most fundamental research are likely to be Ph.D.s. Other 
companies, like the entrepreneurial biotechnology giant Amgen and 
the century-old pharmaceutical company Abbott, pride themselves 
‘onhaving no glass ceiling for those without a doctorate. 

With good performance and accumulated skills, B.S. or M.S. sci- 
entists can be promoted into positions to which a Ph.D. with post- 
doctoral experience would be hired, says Morrison, vice president 
of human resources for research and development at Amgen. “We 
have several examples of that,” says Morrison. “One of our vice 
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presidents of research does not have a Ph.D.” Similarly at Abbott, 
both B.S. and M.S. scientists are members of the company’s scien- 
tific honorary society, “which is recognized as the very top tier of 
scientists in the organization,” Summers says. 


On-the-Job Education 

Kraft, Amgen, and Abbott all have active summer internship pro- 
grams for students from undergraduate to doctoral. In addition to 
making connections and gaining on-the-job experience, interns ben- 
efit from the same evaluation and development plans that employ- 
ees do. By mapping out plans with their supervisors, students can 
eam what is required for different career tracks, including what they 
need to do to get there. 

Large corporations typically offer job-related training and encour- 
age employees to move among different company divisions. Many 
have tuition reimbursement plans for those who wish to pursue fur- 
ther university education. Abbott has a formal program for B.S. sci- 
entists to obtain their Master's degrees in night school. 

In other situations, employees receive specific training for a par- 
ticular job. Regulatory affairs is the name of the game at the FDA, in 
Washington, 0.C.,and the specialized aspect of reviewing and evalu- 
ating drugs or vaccines means there's significant training after hire, 
says Kathryn Carbone, associate director for research at the Center 
for Biologics Evaluation and Research (CBER). “This is one of the few 
places where you can get training in regulatory oversight within a 
research environment,” Carbone says. And it's critical, she says, be- 
cause “we have an enormous public health responsibility.” 

‘Overat the FDA's CDER, B.S. and M.S. graduates are hired as regu- 
latory project managers for new drug applications. In addition to a 
science degree, the best recruits have some project management 
work experience, but laboratory experience is not that important, 
says Eldridge Coles, head of recruitment for the Office of New Drugs 
(OND). Analytical skills and communication skills, however, are key. 

“Project managers play an important role in shepherding an ap- 
plication through the review process,” Coles says, which requires 
coordinating with the FDA's multidisciplinary teams of scientific and 
medical reviewers and liaising with their industry counterparts. Each 
project manager is assigned a mentor to help get through the first 
year of intensive training and to provide advice on the responsibili- 
ties of the position. 

Coles says the CDER is constantly looking to hire well-qualified 
candidates to fill its project management ranks. “It can be a very 
challenging and demanding job,” says Coles, who acknowledges the 
position has one of the OND's higher tumover rates. For many, the 
demands are offset by the rewards of the work itself, not to mention 
the competitive benefits and salaries that government offers. Others 
take advantage of the on-the-job training and translate it into new 
opportunities—with several years experience, FDA project manag- 
ers are highly sought after by industry. 

Still not sure what you want to do? Realize that a wide variety of 
companies and organizations are built upon scientific foundations. 
Consider something off the beaten track, try stuff out, and start edu- 
cating yourself with experience. 


Jill Adams is a freelance writer living in upstate New York. 
DOE: 10.1126/science.opms 10700040 


wwwsciencecareers.org/businessfeatures 


See yourself in Vancouver? We do. 


This could be your view from UBC's Vancouver campus, 


Work with the world's best 
‘An international leader in bacterial disease research, UBC Prof, Brett Finlay is 
funded by the Howard Hughes Medical institute to study infectious diseases 
and by the Bill and Melinda Gates Foundation as part of a $450 million pledge 
toward world health issues. His student Jennifer Bishop, a microbiology PhD 
candidate from Rhode Island, was drawn to UBC's reputation for research 
excellence ~ and of course, the West Coast Canadian setting, 


Spectacular Vancouver 

Host to the 2010 Olympic and Paralympic Winter Games, the Pacific gateway 
city of Vancouver is rated by The Economist this year as the most liveable city 
in the world. Exceptionally located beside the Pacific Ocean and 1,800 acres of 
park ~ you'll understand why UBC attracts faculty and graduate students who 
want to conduct world-changing research 


UBC Prof. Brett Finlay and PhD student UBC ranks among the best worldwide 

Jennifer Bishop from Bartington, Rl, USA. Consistently rated one of the world's best universities, the University of 
British Columbia is known for its exceptional teaching and research and is 
the only Canadian university to rank in the global top 10 in life sciences tech 
transfer surveys by the Milken Institute and The Scientist Magazine. 


www.ube.ca/scence 


UBC 
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THE UNIVERSITY OF BRITISH COLUMBIA | VANCOUVER 


Faculty of Graduate Studies | Faculty of Medicine | Faculty of Science | Faculty of Pharmaceutical Sciences 
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GRADUATE PROGRAMS IN THE 


LIFE SCIENCES AT NORTHEASTERN 


If you are interested in a university with strong graduate programs in the sciences, a 


commitment to research excellence, outstanding laboratory and classroom facilities, a 
vibrant campus in Boston, and a reputation for being one of the fastestrising universities 
in the nation, then consider Northeastern University for your graduate education. We 
offer M.S. and Ph.D. programs in biology, pharmaceutical sciences, and chemistry and 


chemical biology, as well as professional science master's degree programs in bioin- 


= 


formatics, biotechnology, and marine biology. 


Bioinformatics 
www.bioinformatics.neu.edu 


Since the sequencing of the human genome, the biotechnolo- 
‘gy ond pharmaceutical industries have been onclyzing 
increasingly large and complex dota sets (genomes, pro- 
Jeomes, single-nucleotide polymorphism mops, etc.) in search 
of the critical biolagicol information thot will transform the 
process of biomedical discovery ond the delivery of medicine 
in he clinic. Our Professional M.S. Progrom in Bioinformatics 
cand Computational Molecular Biology features an integrated, 
Interdisciplinary curriculum thot is designed to prepare stu- 
dents for exciting and challenging careers ot the interface of 
biology, phormaceulical sciences, and information technolo- 
ay. The program requires 32 semester hours of study and two 
years to complete on a fulltime basis. A sixmonth internship 
in @ commercial, academic or government laboratory is 
required. We tailor curricula to each shident’s strengths. 


Contact: Janeen Greene, gradbio@neu.edu. 


Biotechnology 
www.biotechms.nev.edu 


Program in Biotechnology oddresses 
seeking industry employment through 
rigorous interdisciplinary training in biotechnology coupled 
with on on site corporate, academic, or governmental intern: 
ship. The program hos a close association with biotechnolo- 
‘ay companies in the Boston area and several faculy members 
have hod extensive industry experience. Courses are offered 
in the evenings and the program can be taken fulltime (in two 
-yeors) or port time. The first yeor of study consiss of core sci- 
‘ence courses ond bictechnology-specific courses with laboro- 
tory training in state-fthe-art proteomics and biotechnology 
techniques including mass spectrometry. In the second year, 
students select « track in molecular biotechnology, pharmo- 
ceutical biotechnology, or engineering biotechnology. 


Contact: Cynthio Bainton, grodbiotech@nev.edu. 


‘SCIENCE MASTER'S 


Marine Biology 


www.marinebioms.neu.edu 


The Professional Masters Program in Marine Biology provides the odvanced skill set needed to pursue on enlry- to midlevel 
career in marine research, or can serve a 0 springboard into the nation’s top Ph.D. programs in marine biology. This 15.month 
fulltime program is offered in conjunction with Northeastern University’s Three Seas Program (see wwwthreeseas.neu.edu for 
more information abou this unique academic experience in marine biology). In addition to completing the Three Seas Program 
curriculum for graduate credit, students conduct addifonol coursework, o research project (but not a formal thesis), ond a 6: 
month internship with academic research scientists, sate ond federal agencies, oF private consulting firms, Now in its 24th year, 
the Three Seas program has an impressive record: Our alumni routinely gain admission to the top Ph.D. programs in the coun- 
Iry, publish quality reseorch, ond are leaders in their filds. 


Contact: Salvatore Genovese, s.genovese@neu.edu 


Biology 


www.biology.nev.edu/graduate_programs.html 


Pharmaceutical Sciences 
www phormsc.nev.edu 


We invite oulonding candidates to apply to our M.S. and 
Ph.D. programs. Our faculy’s research addresses questions 
ot all levels of biological organization, from the molecular to 
the community, with four areas of specialty: cellular and 
molecular biology and biochemistry; marine biotechnology 
and ecology; microbiology and immunology; and neurabiok 
ogy and behavior. In addition, groups of faculty work togeth- 
er in each of he Following focal areas of research: develop- 
mentl initiators ond regulators; drug discovery; bioinformat- 
ics; imaging: neurobiology and biomechanics of lacomotion 
biology of extremephiles; and evolution and community ecot 
ogy. The Department of Biology is part of a large, diverse, 
cand dynamic academic community that includes students and 
facully members from related disciplines within he University 
including chemistry, pharmaceutical sciences, psychology, 
physics, ond engineering, os well as from the many other 
academic, medical, and research insltuions in the Boston 
«area. In addition to Teaching and Research Assistantships our 
groduate students have been supported by crossdisciplinary 
inliotives ranging from IGERT traineeships in nanomedicine, 
to K-12 outreach programs, NSF ond the Fulbright 
Foundation. Students can conduct studies at a number of 
associated facilities, incliding the University’s Marine 
Science Center, the Center for Subsurface Sensing ond 
Imoging Systems, and as interns in local biotechnology com- 
panies 

Contact Janeen Greene, gradbio@neu.edy 


Phormaceutical science is concerned with the discovery, 
design, chemical and biclogical profiling, ond therapeuiic 
‘pplication of drugs. Our graduate specializations (MS ond 
PhD.) include pharmacology, phormaceulics and drug deliv- 
ery, medicinal chemistry ond drug discovery (Ph.D. only), 
‘ond an inlerdisciplinary option. Students conduct cuting- 
‘edge research with focully in neuropharmacology, tissue 
engineering, bioanalytical chemistry, cardiovascular target 
ing, medicinal chemistry, drug discovery, inflammation and 
immunology, and nanomedicine/drug delivery. The depart 
ment houses or shares faculty with outstanding oncampus 
research centers: The Center for Cardiovascular Torgeting, 
Center for Pharmaceutical Biotechnology ond 
Nonomedicine, Environmental Cancer Research Program, 
Center for Drug Discovery, ond the New England 
Inflammation and Tissue Protection Insitute. In addition to 
Teaching and Reseorch Assistantships, our PAD students have 
been supported by interdisciplinary training programs includ- 
ing © grant from the Notional Insitute on Drug Abuse to the 
Center for Drug Discovery (for both pre- and postdoctoral 
training) ond on NSF-supporied IGERT traineeship in 
ranomedicine. Those seeking to qualify for the Center of 
Drug Discovery training grant should contact Dr. Alexondros 
Moleiyannis (a.mokriyonnis@nev.edu) wih o statement of 
qualifications and resume, 

Contact: Robert Scholz, Groduale Program Director, 
cschotz@neu edu 


Chemistry and Chemical Biology 


www.chem.neu.edu 


Well qualified candidates are encouraged to apply to the PhD 
program in the Department of Chemistry and Chemical 
Biology. Among the 25 facully members are winners of 
numerous awards including NSF (CAREER), NIH (MERIT), 
‘ACS National awards, ond from the Camegie, Sloan, and 
Dreylus research foundations. Specializations include bioan- 
lytical chemistry, bioorgonic and medicinal chemistry, bio- 
physical chemisiry, biotechnology, proteomics, computational 
biology, chemical biology, nanomaterials, and electrochemi- 


www.grad.neu.edu 


col energy conversion. The deparkment has strong ties within 
the Boston-area pharmaceutical and biotechnology industries, 
including the opportunity t0 participate in o unique Co-op 
PhD program. We are allied wih key research insitules 
including the Barnett Instiule of Chemical and Biological 
Analysis, the Center fer Drug Discovery, and the NSF engi- 
neering centers 

‘Contec: Nancy Weston, chemistry-grod.info@nev.edu 


Fax Northeastern 


Science Careers 
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&) PIONEER — legacy 


is reflected 
THE in its people. 


WORLD DEMANDS 
AND YOU DELIVER 


pioneer 


DuPont's significant investment in its Agriculture & Nutrition Platform, including Pioneer Hi-Bred international, has created 
challenging, cutting-edge career opportunities for you. Pioneer wants you to be a part of our industry-leading plant 
‘genetics and biotechnology organization. You will join a team of talented, dedicated professionals. A large number 

of research opportunities exist at our 90+ worldwide research facilities, including our headquarters in Johnston, low. 
AAs the leading developer and supplier of advanced plant genetics, our international presence and affiliation with our 
parent company, DuPont, will give you the opportunity to expand your career, join a growing industry and make a 
positive, global impact. 


The World Demands... Can You Help Us Deliver? 
Learn more about Career Opportunities at http//www.pioneer.con/careers 
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The miracles of science~ 


Te Dufot Oa Looand Tame lsc ™am adr cf OuPorto saes. eps tara ander mrt Pet Bn arto hc. CBCP, MRAZ 


CANCER BIOLOGY Ph.D. PROGRAM 


Cancer & Research Institute and the University of South Florida are jointly sponsoring an 
interdisciplinary graduate program in 


CANCER BIOLOGY 


‘The Ph.D. Program in Cancer Biology is designed to prepare young scientists to meet the future challenges of cancer 
research. The program embraces the concept that curing cancer is based on two challenges: unraveling the molecular 
and biological basis for tumor development and devising new detection and treatment approaches based on those 
discoveries. To meet these challenges, the program provides an integrated curriculum that incorporates training in 
multiple disciplines encompassing immunology, cancer genetics, cell and molecular biology, drug discovery, chemistry 
and translational cancer therapies. Our students will be prepared to enter the emerging technological workforce with the 
ability to implement key biomedical advances impacting global health. 


$22,600 Stipend, Tuition and Health Insurance 


The Moffitt Cancer Center is a National Cancer Institute designated Comprehensive Cancer Center that houses state-of: 
the-art research facilities and hospital. Students can choose from over SO outstanding faculty in various research areas. 
Moffitt Cancer Center's unique location offers an affordable, pleasant lifestyle complementary to career development. For 
‘more information and a lst of potential faculty members please visit our website: http://cancerbio.hsc.usf.edu. 

HL 

Inquiries should be directed to: 

MOFFITT Canee ogy? Progr 

ver Contor & Research Institute H.Lee Moffitt Cancer Center 


The End Of Cancer Begins Here 290? Magnolia Drive. MAC-4 East = 

A Nationa Cancer stu Phone: 813-745-6876 UNIVERSITY OF 
comprehensive Cancer Concer Email: CancerPhO@moffittora 

SLM Ek Gece SOUTH FLORIDA 


The Gerstner Sloan-Kettering Graduate 
School of Biomedical Sciences offers the next 
generation of basic scientists a program to 
study the biological sciences through the lens 
of cancer — while giving students the tools 
they will need to put them in the vanguard of 
research that can be applied in any area 

of human disease. 


PhD Program 


An Internationally Recognized Research Faculty in: An Innovative, Integrated Curriculum Provides 
* Cancer genetics a Fundamental Understanding of: 


jomic integrity The nature of genes and gene expression 
and regulation * Cellular organization 
Fssue and organ formation 


“C I interactions 
al biology * Cellular response to the environment 
* Developmental biology + Enzyme activity 
* Computational biology 
+ Experimental therapeutics Student Support and Services: 
+ Experimental pathology Students receive a fellowship package that indudes 


ad radiation sciences a stipend, tuition, textbook allowance, and health 
insurance. Students also have access to affordable 


housing within easy reach of the school 


Please visit our Web 
deadlines, and for 


www.sloankettering.edu 
gradstudies@sloankettering.cdu | 646.888.6639 


for application 
PAD progea, 


Gerstner Sloan-Kettering 
Graduate School of Biomedical Scences 


New York City 


Science Careers 
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Bioinformatics & Biostatistics at PRG 


Two billion times a day, P&G brands touch the lives of people around the world. 
P&G ofers a competitive salary and benefits package placing us among the top US firms. 


Global Biotechnology 


iiding the Business Though Biotechonology 


Global Biotechnology i a centralized organization that helps build the business by leveraging state of 
the at Biotechnology Tools to provide in-depth fundamental understanding about biological systems 
felevant to our product technologies. Key capabilities include: Gene Expression Profiling. Proteomics 
Cellomics, Chemical Libraries, and High Throughput Screening. Our Bioinformatics and Biosta 

Group develops and applies sare tools and expertise to tacitte te intexpretation of tare scale 
datasets from these capabilities. P8GS Miami Valley Inovation Center in Cincinnali, Ohio is seeking 
{qualified individuals forte following postions 

RAD Scientist, Bioinformaticist ~ PhO in Molecul/Cellular Biology lus MS or equivalent in 
Computer Science. Provides support for research in biolechnology. designs experiments, develops new 
bioinformatics tots, and execu new strategies fr data analysis and interpretation. (RNDO000 1062) 
R&D Researcher, Bioinformaticist ~ Masters Degree in Compuler Science with experience in 
Biology Provides support for esearch in biotechnology by developing, implementing, and applying new 
bioinformatics tols and databases. (RNDOOOO1171) 

RAD Scientist, Statistician — Masts Degee in Statistics, Biostatistics or Mathemalics preter. 
Collaborales with the biotechnology tam to develop statistical tools. and implement new methods fr 
analysis of experiments. (RNDODOD 1028) 

RAD Researcher, Statistical Analyst/Programmer ~ Bacelo’sin Staistics, Biostatistics or 
Mathematics prefered. Supports Statistician inthe roles described above on various projec inthe 
bioinformatics are, (RNDOOOOTT24) 


Reseaeare = | 


been 


For more job details and to apply online 
(refer to appropriate Job Code listed 
‘ith description above) goto: 


‘sae llc mesa 


KU KANSAS 


Graduate Program in 
Molecular Biosciences 


Outstanding graduate training is 
offered in six focus areas 


* Biochemistry and Biophysics 

+ Bioinformatics 

+ Gene 

+ Microbiology 

+ Molecular, Cellular, and 
Developmental Biology 

* Neurobiology 


The program provides support for 
all graduate students, including a 
competitive 12-month stipend plus 


tut 


For a full description of our pro- 
gram, faculty research interests and 
admission requirements visit www. 


Research Staff Opportunities — 
St. Jude Children’s Research Hospital 
St, Jude Children’s Research Hospital is rec 


premier centers for the research and t 
atastrophic diseas 


our academic 
with opportunities 
reer ladder. 


New and exciting research positions are ava 
departments, Entry-level positions are 
for advancement within the hospital's research 


At the entry level, a bachelor’s or master’s degree in an appropriate 
scientific field with no additional 

experience is required. For specific 
job requirements, visit our Web site, 


www,stjude,org/jabs 


Ranked No. nthe “Best 


ces Wack in Academia 


PATS TT] 
Graduate Studies 
fy ot Nebr Wee 


Biomedical Research 
Training Program 
‘Maximum Opportunties 

Solid Foundation 
Phone: (402) 559-3362 
Toliee: (800) 517-3362 
E-mail brp@ unmcedy 
Web: waw.unmeedubrp 


BRTPe 
BRP 
M.D./Ph.D. 
Scholars Prog) 
Educating the 
Physician-Scientists of Tomorrow 
Phone: (402) 559-8242 
Ted free: (800) 642-1095 
Fax: (402) 559-6002 
Webs: www nme.edumdphd 
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Medical Center 


The Institute of Science and Technology, Austria | 
Is Searching for IS|THISET 


Inatcute ef Science and Trehnatooy 


PROFESSORS 


LS.1. Austria (www.ist-austria.ac.at) is a new Institute located near Vienna, dedicated to high quality basic research. 
Itis open to all fields of the Natural Sciences and is entitled to award its own independent Ph.D. Degrees. 


The Institute was established by the Austrian Government, based on a law passed by Parliament in 2006. its funding 
is substantial, allowing for an approximate size of 600 employees and graduate students at the end of ten years, with 
significant allocations for construction, equipment and maintenance. 1.S.T. Austria will include a Graduate School, 
training Ph.D. students and hosting postdoctoral fellows. It aims at an international mix of scientists and will choose its 
top researchers on the basis of their individual excellence, their scientific leadership and their potential contribution to 
a comprehensive research effort. The emphasis will be on basic research in any field of Science and Technology, 
including the Life Sciences, Physical Sciences, Mathematical Sciences, and any multidisciplinary areas. 

The Institute is now recruiting its first leading Professors with indefinite contracts. Selected outstanding candidates will 
be offered a competitive salary and a substantial annual research budget, covering operating expenses and the cost 
of postdoctoral fellows, Ph.D. students and other scientific and technical staff. Additional costs of starting a new 
laboratory, major instrumentation and needed infrastructure will be offered separately. Scientists will be also encouraged 
and expected to apply for additional external research grants. 

Applications and nominations should be sent to professor@ist-austria.ac.at or to any member of the Board of 
Trustees with a copy to protessor@ist-austria.ac.at. Applications must include CV, list of publications, description of 
experience and scientific interests. Nominations should include an appraisal of the achievements and scientific 
qualifications of the nominee. 

1.S.T. Austria welcomes suggestions for the creation of clusters of research groups, interacting and collaborating with 
each other, within a given discipline or connecting different disciplines. The initial number of envisaged Professorial 
appointments of indefinite duration, in all fields, is flexible and may be between five and ten new positions. /n addition, 
1.S.T. Austria is currently searching for outstanding young Assistant Professors, leading their own independent research 
groups, and being offered a five year appointment, potentially convertible into an indefinite Professorial position. 


The Institute of Science and Technology, Austria 


Is Searching for )Gh4y AUSTRIA 


Outstanding Young Independent Researchers '*"'s'« «Sewer wi treinaiony 


|.S.T. Austria (www.ist-austria.ac.at) is a new Institute located near Vienna, dedicated to high quality basic research. 
Itis open to all fields of the Natural Sciences and is entitled to award its own independent Ph.D. Degrees. 


The Institute was established by the Austrian Government, based on a law passed by Parliament in 2006. Its funding is 
substantial, allowing for an approximate size of 600 employees and graduate students at the end of ten years, with 
significant allocations for construction, equipment and maintenance. |.S.T. Austria will include a Graduate School, 
training Ph.D. students and hosting postdoctoral fellows. It aims at an international mix of scientists and will choose its 
top researchers on the basis of their individual excellence, their scientific leadership and their potential contribution to 
a comprehensive research effort. The emphasis will be on basic research in any field of Science and Technology, 
including the Life Sciences, Physical Sciences, Mathematical Sciences, and any multidisciplinary areas. 


The Institute is now recruiting its first Professors with indefinite contracts. It is also searching for up to eight outstanding 
young group leaders, who will head their own independent research groups and will have a fixed term contract for an 
intial period of five years, with a possible, but not automatic, renewal for two additional years. Before the end of this 
period, the scientist will be considered for an indefinite appointment as a Professor at |.S.T. Austria, the decision being 
based on menit only (as is the case for a “Tenure Track Assistant Professor’ in many U.S. universities). 


Selected candidates will receive a competitive salary and an annual research budget of 300,000 Euro, covering operating 
expenses and the cost of postdoctoral fellows, Ph.D. students and other staff. Additional costs of starting a new 
laboratory, major instrumentation and needed infrastructure will be offered separately. Scientists will be also encouraged 
and expected to apply for additional external research grants. 


Applications and nominations should be sent to assistant professor @ist-austria.ac.at or to any member of the Board 
of Trustees with a copy to assistant.professor@ist-austria.ac.at. Applications must include CV, list of publications, 
description of experience and scientific interests. Nominations should include an appraisal of the achievements and 
scientific qualifications of the nominee. 

L.S.T. Austria welcomes suggestions for the creation of clusters of research groups, interacting and collaborating with 
each other, within a given discipline or connecting different disciplines. 
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WAYNE STATE 
UNIVERSITY 


Biology Faculty Positions 

“The Departinent of Biological Sciences at Wayne State University anticipates four tenure-track 
‘penings for new faculty. Rank wil be dependent upon qualifications. Preference will be given to 
tandidates who tse stt-of-the-artappraaches to stidy complex biological problems that commple- 
tment existing research programs. 

Call Biologist: Areas of interest include, but are not limited 10, neurobiology, lipids and signal 
transduction, RNA biology and organlle biogenesis and function. 

Developmental Biolog 
the analysis of develop 


fe are particularly interested in individuals taking a systems approach to 
tal problems, including but not limited to epigenetics and developmental 


plasticity, gastrulation neurulation in a vertebrate model system, and plant development. 
Ecologist: Areas of interest include, but are not Limited to, utban or aquatic biology, with a focus at 


any level of biological organization (population, community 


Mierobiologist: Areas of interest include, but are not limited to, immunology of infectious diseases, 
host-pathogen interactions, and infectious disease processes 


Wayne State University isa large, comprehensive, nationally ranked research institution that offers 
generous star-up packages, Applicants must have a Ph.D. degsee, postdoctoral experience and an 
‘outstanding record of research achievement. Successful applicants are expected to establish and 
‘maintain Vigorous, externally funded research programs and participate in graduate and undergradu- 
ate education, All positions will offically be posted or-line at jobs.wayne.edu in carly October. 
‘Only those application materials that are submitted to this ste will be considered. In addition to thei 
‘online application that includes cover letter and curriculum vitae, applicants must submit a -page 
statement of research plans, a I-page statement of teaching interests and philosophy, and have thece 
letters of reference sent to: Chair, Faculty Search Committee, Department of Biological Sciences, 
‘Wayne State University, $047 Gullen Mall, Detroit, MI 48202. Review of applications will begin 
immediately and the search will remain open until the positions have been filled. Applications will 
bee considered only when all materials have been received. 


ecosystem). 


Wayne State University is an Affwmative Action’ Equal Opportunity Employer 
Women and members of minority groups are especially encouraged to apply 


Endowed Professorship for 
Dementia Research 


The Department of Neurology and the Neu- 
roscience Center at the University of Noch 
Carolina School of Medicine are seeking 
candidates with an interest in degenerative 
reurological diseases that produce cognitive 
impairment for appointment to full professor 
‘on the tenure rack. The qualifiedcandidate will 
havean M.D.orM.D/Ph.D. and an established 
record of excellence in research as reflected by 
peer-eviewed publications and independent 
extemal funding. He'she will be expected t9 

laboratory-based research program 

ng mechanisms of cellular death 
and dysfunction in neuroslegenerative diseases 
Using state-of-the-art cellular and molecular 
techniques. The position includes an endowed 
professorshipof $1 million, amplemoder labo- 
ratory space in the UNC Neuroscience Center 
and a generous start-up package, The UNC 
Neuroscience Center maintains oustanding 
Core Facilites that support confocal and mult 
‘Photon imaging, vector constriction and ES cell, 
clectropocation for generation of mouse genetic 
‘models, and Affymetrix GeneChip technology 
for expression profiling and SNP analysis, 


Interested candidates should contact: William 
4. Powers, MD, H. Houston Merrit Professor 
land Chair, Department of Neurology, 3114 
Bioinformatics Building CB 7025, Univer 
sity of North Carolina School of Medicine, 
‘Chapel Hill, NC 27599-7025; (919) 966-8178: 
holes i 


DANA-FARBER 
Prog: 


Dedicated to Discowery..Committed t0 Care 


ASSISTANT PROFESSOR 


Tenure Track 


devoted w biome 


Undergrad 
The Howard Hughes Medical Insticute, a leading philanthropy 


am Director — 


uate Science Education 


research and science edu 


seeking a 


TT aati Program Director to jin our headquarters in Chevy Chase, MD. 

Systems Biology / Genetics The Program Director, wih an annual budget of over $40 million, 
The Dearne of Cancer Biology athe Dana-Farber andthe Dypatnent of verses HTM Undergraduate Science Education acces, 
Genotce at Harvard Modal Stoo! sok wol-quaifed applicants for @ 


tenure-track postion atthe Assistant or Associate Professor level serve in 
4 ne Cantor Cancer Systems Boley hte/ecse de harvard edu) The 
‘Successful candidate 1s expacted to dact mnovatve a at 
‘search and to participate n the teaching activites of the Department of 
Genetics. Candidates combining systems biology and genetics to investigate 
‘nannal biological processes and/or human diseases, particularly cancec ar 


ip support package 1s provided which eludes laboratory 
‘Smith Research Bulding of the Dana-Farber Cancer 

Institute. Tho successful candidate val also be a ful member and active par- 

Licipant in the Department of Genetics 

‘Applicants must hold a PhO, M.D/PRD. or 


Applicants should submit electronic (pd) copies of curriculum vitae, bibliog 
‘apy, a description of research accomphinents ad fare research eet 
‘st [limit to two pages) by December 30, 2007, and askfourreferencesto pro- 
vide letars of recommendation. These materials should be sent tothe follow- 
ing email address: 


Deborah_goff@dfci.harvard.edu 
‘Applications must be 


v1 received by 
EG) MEDICAL SCHOOL Secetw'sa 20 


Program Director 
Howard Hug! 


Employer 


HHMI 


The Dna Fart Cac net ie 


SHARE THE VISION. FIND THE CURE 


inchaling institutional grants to colle 
and individual grants to professors, 


ssand research 


iversities, 


The successful candidate will have an advanced degree in science, 8 
‘national reputation in science undengraduate ede 

sill in managing people and programs, and a commitment to builing 
innovative programs to strengthen biomedical scence education. 
Responses should indude research and undergraduate science 
‘education accomplishments, a description of administrative and 
‘management experience, and a statement of vision of science 
‘education challenges and opportunitics, 


‘Visic wewchhmi.org for a complete position description, 
‘Send GV and cover letter tox 


a, demonstrated 


thes Medical Institute 
c/o PRM Consulting, Inc. 

Attention: Gregory Davis, Managing Director 
1814 13th Street, NW Washington, DC 20009 


“The Howard Hughes Medical Institue is an Equal Opportunity 


HOWARD HUGHES MEDICAL INSTITUTE 
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2 ‘THE CHINESE UNIVERSITY OF HOD 


Alttsni iv fi 
School of Pharmacy 


(1) Associate Professor / Assistant Professor 
(Ref. 07/207(665V2) 

‘Nplicats shoul ane i a PD de 
‘Abipondocieralteining as well a experence 
{a)puriat in eahing a postgrad an plc 
Feat ht wl eke ni aah m modem rg den ncn wel scl 
‘Appointment wil normally be made contact fash or up to 
ieaing io longer term appeiaoneat er substantiation ite abject to mata nrecencr. Far 


the School ts snilable se hpsPewepharmaccat ed ht. For enquiries plese contact 
{Eoait yeepingho eubnd ht} Appian wi Re asec ntl the pont ie 
(2) Associate Professor / Assistant Professor 

(Ref, 07/208(665V2) 


Applicants should have (i) & PAD degree in tansaional esc 
‘tahing a wel a eaperince a nanomedicine. nanechnlgy new ening or cece 


in pharmmacokncti/qunttane parmacolog 


Sa partys aching at psig and posal eel af) veh ots ede 


‘ca oan bit wi sea 


ing ai seeping cub 3 


Salary and Fringe Benefits 
Saliy wil be highly competitne, commensurate with quali: 


prciians oa 


‘eanpeensive (ge Remit package, cluding wheal care, plus 3 contactend pratly fo appevtmcnts of 


two year or longer and howing hemi Tor dpibe appoanccs 
Further information aout the University andthe pencral erm 


‘Mipshvwve.cublet Nuperumne: The ene meio hein Se 


Application Procedore 
‘end ul resume. opie facade: crederals,spuicton Bt ano abet 

{apn oper wins addres an fas nmi a atesneeo tw toc 

{alent hs era piven forthe proving Fefecnces amie oterwise epic, 

Chinese Univesity o€ Hong Kong, Shatin NT. Hong 

Porat ‘i if 

tnark"Apiiestion C 


tag Pax (452) 2608 6453) by 


ait sl pete 
ace, Howarker, andr onus. The pounce wil 
seb snd 6) deco a otandng inept scar 


x years mally commencing January 3608 


we equvalet; and preferably di) pontdoctoral 


service fr appoiniment is avaitale at 


the Perwonmet Otic. The 


ite Cana Scien wile pnt vp pn Pen que tne Smt oad 


CELL BIOLOGY 


‘The Department of Biology at American Univ 
sity invites applications fora TENURE TRACI 
position athe Assistant Professor level to begin 
sn Fall 2008, A Ph.D. in Cell Biology or closely 
‘elated field, an established record or outstanding 
potential for research, and teaching experience 
are required. Responsibilities include teaching 
call biology with laboratory plusadditional biol- 
‘ogy courses for majors and now-majors, devel 
oping a strong research program, supervis 
undergraduate and graduate student researc 
and providing university service. 


'G KONG 


frelon Hoes Ping Submit a Leer of application curriculum vituc, 
brief summary of research plan, and statement 
‘of teaching philosophy and have three leters 
‘of reference seat directly from the referees to: 
Dr. Schaeff, Cell Biology Seareh Committee 
Chair, Department of Biology, American 
versity, 4400 Massachusetts Avenue, N.W. 
‘Washington, D.C. 20016-8007, USA; electronic 
submissions: blology at amerieanedu, pls use 
“Cell Biology Search” as your subject line, 
Review of applications will begin on November 
1, 2007 and continue until the position is filed. 
American University is seeking highly dedicated 
teachersand scholars who are deeply committed 
to interdisciplinary learning, the application of 
new technologies in teaching and scholarship, 
and t the preparation of students for Tie in a 
diverse and rapidly changing global society 


each The appuntce 


atone spycam 


American University isan Affirmative Action 
Equal Opportunity Employer, committed to. 
diverse faculty, staf and student bod 
Women and minority candidates are strongly 
encouraged 19 apply 


the cloning date. The 


iniaTech 


nein the Future 


Q Virgin: 


Cluster Hires. 
College of Science 


Cottece oF Science 
Biotocicat Sciences * CHemistrY 
+ Economics * Geosciences * MATHEMATICS 
+ Puysics * PsycHoLocy * Statistics 


areas: Energy and the Environment 
and Health, Food, and Nutrition. Faculty members will 
be recruited across several colleges to promote research 
efforts in these areas. We intend to recruit 10 or more new 
culty in disciplines within the College of S 


Both junior and senior level candidates are encouraged to 
apply. Please visit www.cos.vt.edu and click on the links 
under Job Openings. Consideration of applications will 
begin as early as November 1, 2007 and will continue 
until the positions are filled. 


Virginia Tech is an AA/EEO Employer: applications 
from members of underrepresented groups are 
especially encouraged. 


Professor of Synthetic Chemistry 
FACULTY OF SCIENCE 
Schoo! of Chemistry 
REF. 5301 


The School of Chemisty is committed to providing a stimul 
environment that promotes excellence and innovation. in chem 
research. We are seeking to appoint an exceptional individual who will 
strengghen this environment, by providing academic leadership and 
Ccorsnibuting with vision and innovation inthe area cf Synthetic Chemisty 


proximately 2000 undergraduate students pet year 
‘Academics in the School contribute 10 teaching in _many Science 
programs, including the BSc, the BSc in Nanotechnology, and BSc in 
Food Science. The successful applicant will be expected to establish 
8 prosperous, self-funding research group that carries out cutting edge 
‘experimental research in the area of syrthetic chemistry with a preferred 
emphasis on bioactive molecules, 


This is ful ime position. The curtent salary for Professors AUD$130,147 
per year. Membership of an approved University superannuation scheme 
{Sa condition of employment for this position, 
\Womenand EEO groups re encouraged toapply. The University reserves 
the right to fill the position by invitation or not to fill the position, 
Applicants should ystomatically als the adection criteria in their application, 
ities regarding this position should be directed to Associate Professor 
Barbara Messerle, Head of the School of Chemistry at 
bimesserle@unsweduaus 


Applications close: 26 October 2007 


f this and other vacanc! 


r-unsw.edu.au/jobs.html 


Johns Hopkins Medical Institutions 
‘Tenure-Track Positions 


Influenza and Respiratory Virus 
‘Translational Research 


Human Immunology, Vaccinology, 
Pharmacology 


‘The Division of Infectious Diseases ofthe Johns 
Hopkins School of Medicine is recruiting [-2 
faculty at the Assisunt or Associate Professor 
level to contribute to an emerging institutional 
Respiratory Viruses Program. Our focus is on 
persons with proven capabilities 10 conduct 
Independent research on espiratory infections, 
especially investigations that contribute to the 
prevention or treatment of influenza in humans 
‘This recruitment contributes to expanding peo- 
grams in influenza virology, structural biology, 
and voecine testing. Emphasis will be given to 
researchers with complementary research sueh 
asin molecular biology of viral replication, bast 
Vieus interactions, and quantitative analysis of 
vial dynamies 

Caraidates must have earned an MD and PAD 
ddegice and have a record of acquiring research 
funding and producing outstanding scholarship. 
Salary and resources will match experience. 
Candidates should provide a cuericulum vitae, 
| one-page statement of carer intrest, and 3 
professional references wo: Dr. David Thomas, 
Chief Infectious Diseases, Johns Hopkins 
School of Medicine, Suite 437 1830 Monu- 
‘ment Street, Haltimore, Maryland 2120S or 
by email care of Nadia Hay 

Application review will begin in Fall 2007 


Johns Hopkins an 
Equal Oppornunity Employer 


STANFORD UNIVERSITY 
DEPARTMENT OF CHEMICAL 
AND SYSTEMS BIOLOGY 


“he Deprun of Chel a Syste Boog 
Sunlond Unie. Schl of Mediine inves 
teplerlom fru ore or eared pon 
ME ASSISTANT or ASSOCIATE. PROFESSOR 
He: We ae parol etree in cand 
So tae reach laceom athe hice of 
Noriad and pel sclnoes te. chemical 
tog, auitaive ab spsem Body) 
Canddaes coe foes "on eter "specie 
Ite ee etic 
Shin and yuenelend 
parkalaty""welbauted Mower etainding 
fepleans ia any ea of pul tdi or 
Siar epi ae welue. Seat ors oo 
Siandaeeevwounent for eae 
inerectnary omedie reach. Rank and 
slay te Wepenen one canines 
Chulitcaions The. pediminatcitern 
‘Spotsment ia he Unrany Teme Line oa mer 
Connie esearch and aching 


CCanddstes shold ve & Ph.D. andor MLD. degree 
tin yotdactoraTexarch. experience. Sanfod 
University is an equal eppomunity employer and is 
somite to inceaing the dient afi Beal 
Ht welcomes somanatons of and splcste fom 
amen and minty gious, as well as others we 
‘would bring alton inensas to the uteri 
resatch, teaching ad clinical mons Candates 
‘Soul end urea vise, descrip of fare 
research plans and the names of thee potential 
referees by Noveniber 16 
James Ferrell Professor and Chair 

‘fe Jean Kavanagh, FAA 
Department of Chemical and Systems Biology 
269 Campas Drive, CCSR Bldg Room 31484 

Stanfird University School of Medicine 
‘Stanford CA 94305-5174 


University of California -- Santa Barbara 
Dean of Mathematical, Life, and Physical Sciences 
Susan and Bruce Worster Dean of Science 


‘ences and Susan and Bruce Worster Dean of Science. We 

with an outstanding record of scholarly achievement commensurate with 

professorial appointment in the appropriate department, demonstrable vision 
. documented crede 


established national and international reputation within the broader § 
community. The successful applicant will be expected to provide 
inspiration, and the administrative ability o guide and further develop the sizs 
and stature of Mathematical, 
to these attributes, 

n and perspective for all 
sciences, strong support for and facilitation of mul 
research endeavors, and a demonstrated ability to inter 
industrial, governmental, and educational institutions, as well as philanthropic 
Foundations. 


UCSB is a young, vibrant Research I university of 20,000 students, located in 
a spectacular natural seaside setting. The Division of Mathematical, Life and 
Physical Sciences (MLPS) is one of three divisions within UCSB's College of 
Letters and Science. MLPS includes 13 academic departments and programs: 
Biomolecular Science and Engineering; Chemistry and Biochemistry; Ecology, 
Evolution and Marine Biology; Environmental Studies; Geography; Earth Sci- 
ence; Marine Science; Mathematics; Molecular, Cellular and Developmental 
Biology; Physics; Psychology; Speech and Hearing Sciences; and Statistics 
and Applied Probability. The 282 faculty members include three Nobel laure- 
es, fourteen members of the Nat iences, one member of 
the Institute of Medicine, and many PECA: 
genheim, and Sloan Fellowship awardees. Total annual extramural funding for 
research in MLPS was approximately $83 million in 2006-2007. Within the 
division there currently are 729 doctoral and masters students, 4682 under- 
graduate students and approximately 200 post doctoral fellows mentored by 
MLPS faculty. 


analy: nity, organic solids, biochemistry, bio 
cal research, virtual environments and financial mathematics and statistic 

culty lead important federally funded research centers; 

Institute for Theoretical Physics, the National Center 

and Synthesis, the Institute for Collaborative Biotech- 

stitute, and the Southern California Earthquake 


beheld in strictest confidence 


All inquiries, nominations and applications 
Applications should include a letter of interest and a curriculum vitae, Appl 
cations and nominations will be received until the position has been filled 


The screening process however, will begin immediately, and applicatio 
‘encouraged prior to November 30, 2007. Nominations and expressions 
interest should be submitted to: 
Professors James Allen and Diane Mackie 
Chairs, Search Committee for the Dean of Mathematical, Life, and 
Physical Sciences 
‘Clo Kathy Upton, Office of Academic Personnel, Cheadle Hall 4105, 
Mail Code 2034 
University of California 
Santa Barbara, CA 93106-2034 


UCSB is an Equal Opportunity and Affirmative Action 
Employer and Educator. 


ce Careers 


Scie 


4 
9g 
g 
x 
ie) 
ry 
= 
a 
a 


Research Scientist, MDI Biological Lab 


‘The Mount Desert Island Biological Laboratory (MDIBL), 
located on Mount Desert Istand, Maine, home of Acadia 
National park, is a 109-year-old independent marine and 
biomedical research institution and an intemational center 
for comparative physiology, toxicology and marine functional 
genomic studies, 

MDIBL invites applications for a junior level research 
position (equivalent to Assistant Professor) in developmental 
biology, cell biology, physiology, toxicology, or bioinformat- 
ics. Within the chosen research area there should be an 
‘emphasis on comparative functional genomics and marine 
model systems, 

Candidates must possess a PhD or MD. Astrong record 
‘of continuous research productivity and clearly demon- 
strated potential for funding is required. This appointment is 
for a minimum of three years. Interest in collaboration with 
‘other scientists at MDIBL is essential. Salary, startup 
resources and laboratory space are competitive and com- 
mensurate with experience. 

Send cover letter, vitae, research plans, names and ad- 
dresses of three references to Dr. Patricia Hand, Adminis- 
trative Director, MDI Biological Laboratory, Box 35, Old 
Bar Harbor Rd., Salisbury Cove, ME 04672. Address 
electronic applications to phand@mdibLorg. Review of 

applications will begin November 1st 
and continue until the position is filed 


pZSmor 
Biological Lab 


— 


MDIBL i an Affirmative Acton qual Opportu 
nity Employer. 
Women and members of minodty groups are 
‘encouraged to apply 


UNIVERSITY OF 


y MARYLAND 


ASSISTANT/ASSOCIATE PROFESSORS, Tenure‘Tenure Track Faculty 

The University of Maryland, Department of Plant Science and Landscape 
Architecture secks candidates for Two (2) tenure-track faculty positions 
atthe Assistant or Associate Professor level. One position is 12-moath 
tenuce-track appoiatment with a research focus on woody plant pathology 
andhaving duties split S84 rescarchand 42% teaching. This position offers 
‘unique opportunity to build upon a developing Plant Protection Center Initia- 
tive involving the College, USDA-APHIS and MDA inthe training of fate 
plant protection professionals. The second position i 9-month tenure-track 
Appointment with duties split 85% research and 13% teaching in the area 
‘of plant genetics, functional genomies and/or molecular physiology. Each 
positionoffers opportunites to interact with University of Maryland faculty 


ersity of Maryland Biotechnology 
Institute, as well as scientiss at USDA, FDA, EPA, and NIH. PhD degree 
in a closely related discipline required. A detailed position description for 
cach position can be found at bitp:/www agor.umd.edu/jobs/agnejobs/ 


hhome.htm. Salary will be commensurate with experience, 


College Park isthe Nagship campus ofthe University System of Maryland 
With over 2,800 faculty and 25,000 undergraduate and 10,000 graduate 
students, The University of Maryland offers an extensive benefits package, 
Candidates shoul! submit: letter of application; complete signed CV; tran- 
scripts (copy acceptable for application process); and the names, adresses, 
telephone aumbers, and email addresses of 3 professional references to 
Susan Klotz, Department of lant Science and Landscape Architecture, 
2102 Plant Science Building, University of Maryland, College Park, MD 
20742 (email: sklotz@umd.edu), Applicants at the Associate Professor 
level should include copies of thre representative publications, Review of 
application materials will begin November 1, 2007, However, the search 
will continue until the positions ae filed 


EQUA 


FACULTY POSITION IN CANCER: 
IMMUNOLOGY/IMMUNOTHERAPY 
Assistant Professor/Associate Professor/Professor 
‘Mayo Cline Cancer Center 


The hyo Cine Caner Canta, 
ets anovtstangrg esti 

Proona/Seatagae. AZ woes ce 

wi epertte ninuniogy, leat baton genes, oc 

‘cians rie eeu otras 

Incase on acrareng bare aspect 

Tranatng tess advances to roweitesbrentsotsans Iervgaion foeang 
reine ine aobogy sth onpesree fr he austen cthetuses meee 


eyes, uss 


Sutarsing startup pachge resaren me ae 
Delve peso sonpersan anc brells ach age 
Tolesn more abate career Conte vist our abe 


eeuseg We krayea conus Beate vate we: 
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Josep astgarten, Ph. 
‘Asovate Parr, Departnert of tr anobgs, Myo Cine Coles of Mase 
Inatgartanjoneph@rmaye te 


Center for Immunology and 
Microbial Disease 
Albany Medical College 


Faculty Position 


The Center for Immunology and Microbial Disease at Albany Medical 
College invites applications for a tenure-track faculty position from 
individuals who have a doctoral degree, postdoctoral experience, and 
demonstrated research productivity. Those with an interest in bacterial 
pathogenesis and host-pathogen interactions are particularly encouraged 
to apply. The successful candidate will be expected to establish an inde 
pendent, extramurally funded research program and participate in the 


at Albany Medical College are 0 ierdisciplinary researc 
ccentersand the Center for Immunology and Microbial Disease has a focus 
‘on microbial pathogenesis and immune defense, particularly as related to 
biothreat agents and emerging infections, Faculty atthe Albany Medical 
College receive competitive salaries, attractive start-up packages, and 
access to the Center's ABSL-3/BSL-3, Microbiology and Immunology 
Core Labs. In addition, we have established a close relationship with the 
‘New York State Department of Health Wadsworth Laboratories, providing 
a diverse environment that i rch in infectious disease expertise, Albany 
Medical College is located in a mid-sized city within the upstate New 
York Capital Region, and has easy access to Boston, New York City, and 
the Adirondack Mountains 


Applicants should send their curriculum vitae, a statement of research 
plans, and three letters of reference to: Dennis W. Metzger, Ph.D., 
Professor, Theobald Smith Alumni Chair and Director, Center for 
Immunology and Microbial Disease, Albany Medical College, 47 New 
Scotland Avenue, MC-151, Albany, NY 12208, For further information 
about the Center, visit www ame.edu/ Academic/Research/imd. htm, 


An Equal Opportunity/Affirmative Action Employer 
Women and minorities are encouraged to apply: 


VW Untversiry oF MICHIGAN 


SCHOLARS PROGRAMS 


BIOLOGICAL SCIENCES SCHOLARS PROGRAM 
For Junior, Tenure-Track Faculty 


The University of Michigan announces recruitment for the Biological Sciences Scholars Program (BSSP) to 
continue to enhance its investigational strengths in the life sciences research programs. 


Now entering its 11th year, this Program has led to the recruitment of outstanding young scientists in 
the areas of genetics, microbiology, immunology, virology, structural biology, pharmacology, biocheistry, 
molecular pharmacology, stem cell biology, physiology, cell and developmental biology, and the 
neuosciences. The Program seeks individuals with PhD, MD, or MD/PhD degrees, at least two years of 
postdoccoral research experience, and evidence of superlative scientific accomplishment and scholarly 
promise. Successful candidates will be expected to establish a vigorous, externally-funded research 
program, and to become leaders in departmental and program activities, including teaching at the medical, 
graduate, and/or undergraduate levels. Primary college and department affiliation will be determined 
by the applicant's qualifications and by relevance of the applicant's research program to departmental 
initiatives and focus. All faculty recruited via the BSSP will be appointed at the Assistant Professor level. 


‘APPLICATION INSTRUCTIONS: Please apply to the Scholars Programs through the BSSP web site at: 
(http:/Awww.med.umich.edu/medschool/orgs/bssp). A curriculum vitae (including bibliography), a three- 
page research plan, an NIH biosketch, andthree original letters of support shouldall be submitted through the 
BSSPwebsite. Moreinformationaboutthe ScholarsPrograms, instructions for applicantsandthosesubmitting 
letters of recommendation, and how to contact us is located on the BSSP web site: (http://www.med.umic 
edu/medschool/orgs/bssp). The final deadline for applications is Friday, October 19, pm 


The University of Michigan is an Affirmative Action/Equal Opportunity Employer. 


DUKEBS NUS 


GRADUATE MEDICAL SCHOOL SINGAPORE 
Faculty Positions 
Cancer and Stem Cell Biology 


Faculty Position 
Cell Biology Program 
Sloan-Kettering Institute 


The Cell Biology Program, Sloan-Kettering tnsticue ‘The Duke-NUS Graduate Medical Schoo! Singapore (Duke-NUS 
(eshte) has titted a search foe tenuredtack faculty GMS), a global partnership between the Duke University and 
inembers. We are interested io the National University of Singapore, is recruiting internationally 

to develop an We seck creative scientists who are focusing on discovery 


that commplemen biology and/or translational medicine in the field of Cancer and 


‘Stem Cell Biology. 

Applicants for all ranks should have a PhD, MD, or equivalent 
and a record demonstrating outstanding promise. Special 
‘opportunities exist for research involving cancer stem colls, 
advanced imaging, and translational studies both in non-human 
primates and in collaboration with world-class clinical services, 
including Singapore's National Cancer Centre and General 


‘of eukaryotic cell biology and 
approaches and 9s 

‘il be eligible 1 
Geruner St 
Sciences fell Gr 
Cornell University, a6 
Training Program. Slaan-Ke 
Infrastructure as well as sateobthoart core resources, and We 


are now significantly expanding our research programs. Hoepkal. Suocesshtl applcarts will join investigators already 
i ‘apie ee: affliated with Duke-NUS GMS (see www.gms.edu.sg). Faculty 
Interested individuals should email their application poskione Incas hit salary gonerdln stub, Wid research 
[eferably in PDF format, ts celbiogemakce-org by Non funding of up to S$S500K/p.a., assuring a stable base of support 
1, 2007. The application should include a Gurrtcukam Vitae, that can be supplemented by competitive grant awards, which 
descrip st research, a description of proposed are expanding rapidly in Singapore. 

cae agp ipsticegs Pager cgpatanys| Interested candidates should send a cover letter, curriculum 
recommendation sent by email tr eelbiogimakee-ong and by vitae, a summary of research accomplishments and future plans, 
{posal mail we Cell Biology Search, ce Tifany Lennon, and arrange for three letters of reference to be forwarded 
Memorial Sloan-Kettering Cancer Center, 1275 York Avenue, (Assistant Professor candidates), no later than 9 November 


Box 135, New York, 
Noneamber 15, 2007 


cellbio@ mskee.org. E 


10065. The lexters shox arrive by 2007, to: 


hy can ab be male by eal David Virshup, Director 


Program in Cancer and Stem Cell Biology 
Duke-NUS Graduate Medical School Singapore 
2 Jalan Bukit Merah, Singapore 169547 
‘email to: CSB.recruit@gms.edu.sq 
Jgniting the Pioneer Spirit 
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BOoOwWwDOIN 


Director of the Bowdoin 
Scientific Station 
on Kent Island 


Bowdoin College invites opplications for 
© position os Director of the Bowdoin 
Scientific Staion on Kent Island, New 
Brunswick, beginning Spring 2008, 
This nontenurable, 12-monh position is 
renewable ot fiveyear intervals 

Ph.D. required, postdoctoral experience 
preferred. The Director is expected to 
pursue on octive summer research 
pprogrom on Kent Island on any ospect of 
ferrestrial or marine science, involve and 
mentor undergraduates in field research, 
nd serve os 0 resource for visiting 
scientists, Responsibilities include seeking 
external funding to support the field 
station, recruiting facully, graduote ond 
undergroduate student researchers, 
communicating with alumni, and spending 
ct least one semester on compus per year 
while offering one course in his or her 
field of interest. 


Bowdoin 


Clo LEE 1G. |p 


Pleose submit letter of opplication, 
curriculum vitoe, ond 0 description of your 
research interests and feoching philosophy, 
Bowdoin College is accepting electronic 
submissions or poper submissions; 
however, electronic submissions ore 
strongly encouraged. To submit 
electronically, please vist 
Careers@Bowdoin.edu (https:// 
careers. bowdoin.edu/< ints/ 
‘entral?qui =! 


Brunswick, ME 04011-8465 
oper submissions con be sent to this 
oddress os well. Review of opplications 
will begin November 1, 2007. 


Bowdoin is o highly selective liberal arts 
the Maine coas wifi a diverse 
sudonts¢ 


eration college 


oppresmate 


www bowdoin.edu 


DEVELOPMENTAL BIOLOGY 
The Department of Biology at American Univer- 
‘ity invites applications for a TENURE TRACK, 

‘position atthe Assistant Professor level to begin, 
Fall, 2008. PRD. in Developmental Biology 
‘or closely relate field, an established record or 
‘oustanding potential for research, and teaching 
‘experience are required. Responsibilities include 
teaching biology courses for majors and non 
majors and advanced courses in developmental 
biology, developing a song research program, 
supervising undergraduate and graduate student 
research, and providing university service 
Submit a letter of application, curriculum vitae, 
brief summary of research plan, and statement 
‘of teaching philosophy and have three letters 
‘of reference seat diectly foe the referees 10 


Dr. Daniel Fong, Developmental Biology 


Search Committee Chair, Department of 
Biology, American University, 4400 Mas. 
sachusetts Avenue, N.W,, Washington, D.C. 
20016-8007, USA: electronic submission 
biology @ american.edu with “Developmental 
Biology Search” on subject line. Review of 
applications will beyin on November 1, 2007, 
‘and continue until the postion is filled. American 
University is secking highly dedicated teachers 
and scholars who are deeply commited (0 
interdiseyplinary leamig, the application of new 
technologies in teaching and scholarship, and to 
the preparation of students for life ina diverse 
and raphy changing global society 
American University is an Affirmative Action 
Equal Opportunity Emplover committed to a 
diverse faculty staff and student boc 
Women and minority candidates are srong 
encouraged to apply 


University of Louisville 


ASSISTANT PROFESSOR 
in Prokaryotic Molecular Genetics 


‘The Section of Molecular Genetics and Microbiology at the 
University. of Texas at Austin. invites applicants for a 
tenure-track faculty position in prokaryotic molecular genetics 
at the Assistant Professor level. Outstanding applicants at the 
rank of Associate or Full Professor will also be considered. The 
Section has a scientifically diverse faculty and all areas will be 
considered. All-areas ‘will be considered but. applicants 
Studying gram-positive or pathogenic bacteria of with interests 
in systems biology approaches are especially encouraged to 
apply. We seek an outstanding investigator who will build an 
tiv cf all teach effectively at the 


active research program an 
‘undergraduate and graduate levels. ‘The successful candidate 


‘will be eligible for membership in the Institute for Cellular and 
Molecular Biology, will have access to its extensive core 
facilities, and will have the opportunity to participate in several 

aduate programs. The position offers excellent start-up 
funds, salary and laboratory space in a new building that 1s 
part of adynamic, highly interactive research environment. 


Please send a single PDF file containing your curriculum vitae, 
summary of research interests, and names of three references 


before January 1, 2008 to: mgm_searchSbiosci.utexas.edu. 
Referssoes miy aloo send ick tions deadly > ioe soome 


email address, 


Homepages » http: / /veww-biosci.utexas.edu/mgm/ 
hip pewiembtes ee 


James Graham Brown Cancer Center's Owensboro 
Cancer Research Program (OCRP) Faculty Position 


The University of Louisville James Graham Brown Cancer Center and 
the Owensboro Cancer Research Program (OCRP) invite applications 
fora tenure-track faculty position in translational cancer research atthe 
ASSISTANT of ASSOCIATE PROFESSOR level. The successful can- 
<idate will join the OCRP and be located in newly constructed laboratory 
space at the Mitchell Memorial Cancer Center, Owensboro, Kentucky. 
The OCRP represents a new translational research program focused on 
‘combining the field of plant-made pharmaceuticals with the prevention 
‘and treatment of cancer. Applicants must have a M.D,, Ph.D., oF Ph.D. 
With postdoctoral research experience, a strong track record of publica 
tions, and will be expected to establish an independently funded research 
program, Associate Professor candidates must demonstrate a history of 
successful funding. Candidates with research interests in the areas of 
‘molecular target discovery, cancer vaccines, therapeutic antibodies and 
cell-based cancer therapies are particularly encouraged to apply. 


Please send curriculum vitae, with a bibliography, a synopsis of research 
interests, and the names and telephone/facsimile/e-mail of atleast three 
references to: 
Keith R. Davis, Chair 
Faculty Search Committee 
Owensboro Cancer Research Program 
Mitchell Memorial Cancer Center, Suite 201 
1020 Breckenridge Street 
Owensboro, KY, 42303 


‘or by Email: facultyscarch(@ ocrp.org. 


Review of applications will begin immediately and « 
position is filled, 


tinue until the 


The University of Louisville is an Affirmative Action, 
Equal Opportunity Employer. 


Science Careers 


Eukaryotic Molecular Biology Positions 
The Institute for Cellular and Molecular Biology 


‘The Institute for Cellular and Molecular Biology, Alan. Lambowitz 
Director, invites applications for two tenure-track/ tenured postions in 
eukaryotic molecular biology, Academic appointments at the level of 
Assistant, Associate, or Full Professor will be in an appropriate 
facademic unit in the College of Natural Sciences. Candidates should 
have an outstanding record of research productivity and a research, 
plan that utilizes molecular and biochemical approaches to address 
Important problems in eukaryotic molecular biology. Areas of 
particular interest include but are not limited to chromatin structure, 
Tegulation of gene expression, microRNAs and RNA interference, 
DNA damage responses, and cell cycle contro, 


Building on a strong existing faculty, the Institute has recruited more 
than 45 new faculty members over the past nine years (see 
wwwiembutexasedu), In addition to it's highly interactive and 


Hinterdisciplinary research environment, the. Institute provides 


Administrative and financial support for the Graduate Program in Cell 
fand Molecular Biology and state-of-the-art core facilities including 
DNA sequencing, mass spectrometry, electron and confocal 
microscopy, DNA microarrays, robotics, and mouse genetic 
‘engineering, A rvaently instituted MD-THD program with the UT Medical 
anch and the new Dell Pediatrics Research Institute further enhance the 
snvironmentioe use Womedical Research, 


Austin is located in the Texas hill country and is widely recognized as 
‘one of America’s mont beautiful and livable cite 


Please apply on-line at http:/ /www:iemb.utexas.edu/ apply /between 
Sept Land Nov 


Tufts 


UNIVERSITY 


TENURE TRACK FACULTY POSITION 
MOLECULAR EVOLUTION 


‘The Department of Biology at Tufts University invites applications 
fora tenure-track Assistant Professor in Molecular Evolution begin- 
ning in September, 2008, Research areas might include evolutionary 
genetics, molecular phylogenetics, 

gene regulatory networks. Preference will be 
\with strong bioinformatics training and approaches, whose research 
will complement current departmental strengths in genome stability, 
developmental biology, behavior, physiology, or population ecol- 


ogy (see http://ase.tufts.edu/biology/). The successful candidate is 
expected to develop an active externally funded research program 


involving graduate and undergraduate students. Teaching respon- 
sibilities will include contributing to undergraduate and graduate 
level courses in evolution and other departmental courses. Doctoral 
degree and a record of research productivity required. 


Applicants should submit curriculum vitae, three recent publica 
tions, separate statements of (1) research interests and plans and (2) 
teaching experience and plans, and have three lewers of reference 
sent to: Chair, Molecular Ev olution Search Committee, Depart- 
ment of Biology, Tufts University, Medford, MA 02155. Review 
of applications begins November 15, 2007 and continues until the 
position i filled. 


Tufts University is an Affirmative Action/Equal Opportunity 
Employer: We are commited to increasing the diversity of our 
faculty. Members of underrepresented groups are strongly 
encouraged to apply 


‘Yale University Schoo! of Medicine 
Interdepartmental CNNR Program 
Cellular Neuroscience, Neurodegeneration, and Repair 
PO Box 9812 
New Haven, CT 06536-0812 


http:/finfo.med.yale.edulennr 


Faculty Positions 
Neurodegeneration and Neural Repair 


The newly established Yale Program for Cellular Neuroscience, Neurodepen- 
eration, and Repair (CNR) issearching for scientists inyolyed in basic and 
translational disease research focused on Newrodegeneration and Newral 
Repair, Successful applicants will receive a primary appointment in one of 
the departments ofthe Vale School of Medicine and will beactive members 
of their department 
The overall goals of the Program are to: 

(a) understand neuron-specific aspects of cell function, 

(b) elucidate the cellular pathophysiology of neurodegeneration and 

(translate this knowledge into therapies capable of repairing the nervous 

‘stem and improving neuronal function in disease 


The Program emphasizes molecular and genetic approaches and fos- 
ters interactions across disciplinary boundaries. See our website hetp: 
Pinfosned.yalesedu/enne. 


Candidates must hold an M.D, and/or a Ph.D. degree, or equivalent degrees. 
We invite applications atthe rank of assistant professor. but appoiatments 
at the rank of associate and full professor will be considered. This round of 
applications is due by November 1S, 2007, Please send a cwver letter, cur- 
riculum vitae, up 10 3 representative publications, a research plan (strictly 

limited to 2 pages), and arrange for submission of 3 letters of recommen- 
dation, Application materials should be sent electronically to Pietro De 
Cami and Stephen M. Stritmatter, directors of the Program, exclusively 
at the following e-mail address: ennr-searehia yaleedu, Recommendation 
Jerters can be forwanted by mal 


Applications from, or nominations of, women and minority scientists are 
‘encouraged. Yale is an Affirmative Action Equal Opportunity Employer. 


Yale University School of Medicine 
Interdepartmental CNR Program 
Cellular Neuroscience, Neurodegeneration, and Repair 
PO Box 9812 
New Haven, CT 06536-0812 
http:l/info.med.yale.edu/ennr 


Faculty Positions 
Basic Neuroscience 


The newly established Yale Program for Cellular Neuroscience, Neuro- 
degeneration, and Repair (CNNR) is searching for scientists involved 
in Basic Neuroscience research. Successful applicants will receive a 
‘primary appointment in one ofthe basic science departments of the Yale 
‘School of Medicine and will be ative members of their department 


“The Programemphasizes molecular, genetic and biophysical approaches 
to expand knowledge of neuron-specific aspects of cell function and 
iplinary boundaries, Sec our website http: 


Candidates must hold an M.D. and/or a Ph.D. degree, oF equivalent 
degrees. We invite applications at the rank of assistant professor, but 
appointments at the rank of associate and full professor will be consid- 
cred. This round of applications is due by November 15, 2007. Please 
senda cover letter, curriculum vitae, upto 3 representative publications, 
a research plan (strictly limited to 2 pages), and arange for submission 
of 3 letters of recommendation. 


Application materials should be sent electronically to Pietro De Camilli 
and Stephen M. Strittmatter, directors ofthe Program, exclusively at 
the following e-mail address: cnneseareh/a vale.edu. Recommendation 
Jesters can be forwarded by mail. 


Applications from, or nominations of. women and minority 
scientists are encouraged. Yale is an Affirmative Actiow Equal 
Opportunity Employer. 


E1 DuPont de Nemours and Company, inc. is Development group in the Hyderabad which will focus 
on a broad range of activities associated with the 
production of fuels, chemicals, and 


materials from renewable resources 


‘expanding its technology and engineering capabilities 
and is locating a Research and 


DuPont science helps 
Industrial Biotechnology 


Development facility within its 
wholly-owned subsidiary, E.. DuPont, 
India, in the Hyderabad area. As part 
of this plan, we are establishing an 
Industrial Biotechnology Research and 


using modem tools of molecular 
biology, biochemistry, and fermentation 
sciences, We are currently seeking 


come of age in India with 


YOU 
at the helm 


candidates to lead this group. 


Project Lead for Industrial Biotechnology: 
‘The succesful candidate wil havea demoostated record of research accomplehnents in molecular biology, biochemistry, or fementation 
Science, and demonstrated program and administatie leadeship experience. the Project Lead willbe expected to recruita high skied R&D 
‘workforce and work closely wth our on-t team in finalizing the consruction and outing of our steak treat research faites. She or he 
alsowil work collaboratively with research leadership in our labs inthe US to develop research plans which wil dever resis fra perio ot 


eri progetto he an uy conti ad acute an deve re echnical approaches nan the 


Project Lead will interact with leaders of 
1 world-class research capabilty. Ree 
for collaborations in areas of interest that ma 


arise. 


Quali 


plant biotechnology research teams located in Hyderabad to maximize productivity while creating, 
fies aso include interacting with ether compantes and institutions in India to assess opportunities 


jions: 


+ PhD in chem bila microbiology chemical or biokpalengincrng « tong focus ad rte in developing new chemicals and 


materials from renewable resources 


Demonstrated research productivity in at east one of microbial mokecular 
microbiology, or fermentation science + Minimum of five yeas experience leading mul 


idlogy, enzymology, 
inary, project-orentel research teams, inching 


supervising other research scientists * Excellent writen and oral communication sil 


The above position is Permanent in nature. The remuneration will be based upon experience and qual 


best in the industry. 


Coif © 2007 Dus. Al gh: ner Te DuPont Oval, DAP on The mice 


tion ard is commensurate with the 


nd col 


The miracles of science” 


UNIVERSITY OF PENNSYLVANIA 


Faculty Positions, Abramson Family Cancer Research Institute 


‘The Abramson Family Cancer Research Insthute at the Universty of 
Pennsyivana's School of Medicine seeks candidates for an Associate or 
Full Prtessor pasion inthe tenure track. Rank wl be commensurate with 
‘experiance. Applicants must have an M.D. andiar PhD degree and have 
demonstrated excellent qualifications in Education and Research 


The Abramson Fanily Cancer Research insite is an integral part of 
the Abramson Cancer Center of the University of Pennsyania. Faculty 
‘appointment wil be made in an appropiate department of the Schoo! of 
Medicine 


Candidates may have scientific interest and experience in any fed of 
cancer biology, including but no limited to cancer genetics and genomics, 
cancer cell metabolism, tumor microenvironment, and cancer cell ology. 


Responsibities wil include the development of an independent research 
‘program. Qualifications and experience in teaching are required, 


The Universty of PernsyWania is an equal opportunity, afimative action 
employer. Women and minorty candidates ae srangly encouraged to apply 


Please submit curiculim vitae, 2 cover letier, 3 reference leters, and 2 
statement of research interests ta: 


Poona Magn 
M. Celeste Simon, PhD. (ABRAMSON 
Scientific Diecta y 
‘The Abramson Family til 
Cancer Research institute i) 

456 BRB MI, 424 Cure Boulevard eae cites 
Philadelphia, PA 19104 Pie 
sferirec@mailmed upenn edu NSTITUTE 


‘wwrwuphs.upenn edulabramson ny 


eveesyce = FACULTY 
‘Abramson Cancer Center POSITIONS 


School of Medicine, Department of Cancer Biology 


The Department of Cancer Biology at the University of Pennsylvania's 
School of Medicine seeks candidates for an Assistant, Awociate, and/or 
Full Profesor position in the tenure track. Rank will be commensurate 
inexperience. Applicants mast havean MLD. and/or Ph.D degre and have 
demonstrated excellent qualfcationsin Education and Research, 


The Department of Cancer Biology san integral part of the University of 
Peamylrania Abram Cancer Center and the School of Medicine. Qualified 
applicants may have scientific interests and experience in any field of cancer 
ology, including but not finited to cancer stem ells, cancer genetics and 
nomics, tumor microenvironment, angiogenesis, cancer cell metabolism, 
caneer cll ology, and oncogenic agnabing 


Responsbilitis will ince the development of an independent research 
program. Qualifications and experience in teaching are require. 


‘The University of Peonslvania is an equal opportunity affirmative action 
employer. Women and minority candidatesare strongly encouraged to apply 


Please submit curriculum vitae, a cover letter, 3 reference letters, and a 
statement of ressarch interests to: 


Lewis A. Chndosh, MLD., PRD. 
Professor and Interim Chair, Department of Cancer Biology 

‘6th Floor - BRB IIL, 421 Carie Boulevard, Philadelphia, PA 19104 
cbinrecet mailed apennedy 


5 
2 
2 
5 
ad 


g 
g 
iy 
8 
Is) 
g 
a 


Peking University, in collaboration with the Temasek Life 
Sciences Laboratory (Singapore), seeks to hire Principal 
research groups in the field of 
developmental biology. Preference will be given to 
candidates using animal model systems (including, but 
not limited, to C, elegans, Drosophila melanogaster, and 
zebrafish). Successful applicants will be provided with a 
generous start-up package and an interactive environment 
to foster research. 


Applicants are expected to have a proven track record of 
research accomplishments and potential for carrying out 
independent cutting edge research. To apply, send a 
complete CV, a research plan (not to exceed 3 pages), and 
arrange for three letters of recommendation mailed directly 
from referees to Ms. Wei Dong, Center of Genetics and 
Developmental Biology, College of the Life Sciences, 
Peking University, Beijing 100871, P.R. China, E-mail: 
dongwei @pku.edu.cn. More information about the 
PKU-TLL Joint Lab can be found on our websites: 
http://www.bio.pku.edu.cn/employ/develop or 
http://geneties-development.spaces.live.com. For best 
consideration, applications must 
31, 2007; however, position will remain open until filled. 


PKU and TLL is an Equal Opportunity/Affirmat 
employer and provide excellent pay and benefits. 


Action 


stem cell biology 


The Life Sciences Institute and the University of Michigan 
Medical Schoo! invite applications for tenure track ASSIS- 
TANT PROFESSOR positions. We are secking outstanding, 
scholars, with Ph.D., M.D. or equivalent degrees and relevant 
postdoctoral experience, who show exceptional potential 10 
develop an independent research program that will address fun- 
damental issues in any aspect of stem cell biology. Applicants 
‘who have already established successful independent research 
programs will be considered for tenured ASSOCIATE PRO- 
FESSOR or PROFESSOR positions. 


Applicants should send a curriculum vitae, copies of up to 
three reprints, a one- to two-page summary of research plans, 
and arrange (o have three letters of reference sent directly by 
November 1, 2007 to: 
‘Stem Cell Search Committee 
eo Rebecca Fritts 

Life Sciences Institute 

University of Michigan 

210 Washtenaw Avenue 

Ann Arbor, Michigan, 48109-2216 


The University of Michigan is an Affirmative Action/ 
Equal Opportunity Employer. 


in 0) COLUMBIA UNIVERSITY 


Res WN rite ciry oF new voRK 
Neuroscience Faculty Recruitment 


‘The Department of Neurosclence at Columbia University Medical Center, 
as part of a Unbersity-wide Neuroscience Initiative, is recruiting faclty 
concentrating. on the analsis of neural circuitry through molecular 
senctc, cellular electrophysologcal and/or imaging approaches. We are 
particularly interested in individuals whose research program explores 
neural circuits in genetically tractable model systems ad inthe context of 
well-defined behaviors. We encourage applications for positions at the 
Assistant Professor level but will also consider applications from more 
senior investigators for positions atthe level of Associate or Full Profesor. 
Columbia University curently basa world-renowned prorat in neuro 
‘logy and behavior, and the Neuroscience Initiative aims to enhance 
interactions between basic and clinical neurosciences and link the 
‘neurosciences to other scent disciplines within the Unhersiy.Facly 
wil be aflated with the Department of Neuroscience, and there will be 
‘opportunities for strong tes with scientific departments and programs on 
the Morningside Weighs campus 

Applications for this round of recruitment are requested by November 1 
2007, A CY, cover letter including statement of interests, and three 
ieters of reference sent separately should be e-mailed care of David 
luyden,dgl2102@columbia.edu. fn addition, please mail a hard copy of, 
these documents to: 

Chaie, Neuroscience Search Committee 
</o: David Leyden 
Columbia University 
Hammer Health Seiences Center 
Room 2-2056 
701 West 168th Sireet 
ew York, NY 10032 


Columbia avert kes alirmaine action Weare equal emplormet opportints 


FACULTY POSITIONS 
BAYLOR COLLEGE OF MEDICINE 


‘The Department of Molecular Physiology and Biophysics at Baylor 
College of Medline is seeking scientists with oustanding records of 
research accomplishment for faculty positions atthe Assistant (tenure- 
track), Associate or Full Professor level. Meal candidates will develop a 
strong independent research programandbe commitedto excellence in 
‘graduate and medical student education. Candidates employing advanced 
technologies for studying metabolism, diabetes, the cardiovascular 
system ot cancer biology in vertebrate models of human disease are 
particularly encouraged to apply, The department has a strong con- 
‘mitment to both basic and translational biomedical research and has 
state-of the-art facilities for confocal and multiphoton imaging. mouse 
“MAI, computed tomography and cores fr the creation and phenotypic 
analysis of new mouse models. Baylor College of Medicine is a world- 
renowned rescarch institution with strengths in many areas and ample 
‘opportunities exist for scientific interaction and collaborations within 
the department throughout the College, and with the other word class 
institutions ofthe Texas Medical Center 


Applications will be reviewed beginning November 18, 2007 until 
the positions are filled. Please email your application materials to 
molphysi@bem.edu and include a curriculum vitae and a description 
‘Of your current and future research program. Candidates for a junior 
position should have three letters of references sent separately to the 
‘same email address oF to: 
Dr. Henri Bayle 
Department of Molecular Physiology and Biophysics 

vior College of Medicine 

‘One Baylor Plaza, BCM335 
Houston, TX 77030 


Baylor College of Medicine is an Equal Opportunity, 
Affirmative Action, and Equal Access Emplover. 


Assistant/Associate Professor of Bioinformati 
‘Computational Biology 
Department of Biostatistics 
Harvard School of Public Health 


‘The Department of Biostatistics at Harvard School of Public Health 
(HSPH), is seeking an outstanding candidate for a tenure-track fac- 
ulty position in Bioinformatics/Computational Biology atthe level 


join an active group at HSPH developing novel computational and 
statistical methods, and conduct collaborative research with clinical 
‘and basic scientists at Harvard University and its affliated medical 
‘centers, She/he isexpected to play a vital leadership role in expand- 
ing the quantitative science research and educational programs at 


record of achievement; candidates in all areas of computational 
biology, bioinformatics and statistical science are encouraged to 
apply. Please send a letter of application, including a statement of 
‘current and future research interests, a curriculum vitae, sample 
publications, and the names of three referees to the address below 
Applicants should ask their three referees to write independently 
to this address, 


Computational Biology Junior Faculty Search Committee 
Department of Biostatistics 
Harvard School of Public Health 
(655 Huntington Avenue, 4th Floor 
Boston, MAO2IIS 


Harvard School of Public Health is strongly committed to 
increasing the representation of women and minority members 
‘among tts faculty and particularly encourages applications 
from such candidates 


Center for Metabolism and 
Obesity Research 
Johns Hopkins University 


‘The Institute for Basic Biomedical Sciences at The JHU 
School of Medicine has initiated a major initiative to recruit 
new faculty and create cross-disciplinary and highly interac 
tive research centers, 

‘The mission of the Center for Metabolism and Obe- 
Research (CMOR) is to study and support 
integrative research in the field of metabolism and 
systems biology. Our objective is to advance our 
understanding of the biological mechanisms that 
egulate metabolism and how they are dysregulated 
in attendant disorders, such as obesity and diabet 
CMOR seeks to recruit faculty interested in applying 
in vitro and in vivo models to further our understand- 
ing of the regulation of energy sensing. nutrient sens- 
ing, and endocrine responses and how these 
processes are altered by disease, Our goal is to create 
a multidisciplinary and collegial center. 

Applicants should submit an application by January 15, 2008 
Via email (IBBScenters@jjhmi.edu). Include a CV, research 
plan, names of three references and up to three publications (all 
in pdf format). Indicate CMOR in the subject line 

The Johns Hopkins University is committed to diversity and 
equality in education and employment and encourages applica 
tions from under-represented groups. 


D. E. Shaw Research, LLC 


Early Career Scientists and 
Engineers: Computational 
Biochemistry Research Group 


Extraordinarily gifted early career scientists and engineers 
sought to join a rapidly growing New York-based research 
{grOup pursuing an ambitious, long-term project aimed at 
achieving major scientific advances inthe field of biochemistry 
and fundamentally transforming the process of drug discovery. 
Successful candidates will work closely with a number of the 
world’s leading biologists, chemists, and computer scientists, 
and will have the opportunity not only to participate in an 
exciting entrepreneurial venture with considerable economic 
potential, but to make groundbreaking contributions within 
the fields of biology, chemistry, and medicine, 


D. E. Shaw Research, LLC, is seeking scientists and engineers 
with zero to five years of experience who have degrees in 
chemistry, biology, physics, computer science, engineering, 
and mathematics from top-tier universities. Serious 
Consideration will be given to candidates with extraordinary 
records of achievement in the natural sciences and/or scientific. 
programming, exceptional quantitative abilities, and superb 
communication skills, 


The group's current research activities are aimed at the 
discovery and development of innovative scientific techniques 
to direct unprecedented computational power toward the 
solution of key problems in the fields of biomolecular simulation 
and design. This research effort is being financed by the 
.E. Shaw group, a global investment and technology 
development firm with more than US $30 billion in aggregate 
investment capital. The project was initiated by the firm's 
founder, Dr. David E. Shaw, and operates under his direct 
scientific leadership. 


We are prepared to offer above-market compensation to 
Candidates of truly exceptional ability. Interested applicants 
should send a resume to: 
‘Sciencemag-sa@career.deshawresearch.com. 


.E Staw Reseach, LLC does not iscriminaten employment matters 
‘onthe bess of race, color region, ender pregnancy, national origin, age, 
miltary service eipbity, veteran status, semal orientation, martl stats, 
‘isabilty, or anyother protected dass 


————$$— 
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Science Careers 


‘Brown University 

Center for Computational Molecular Biology 

Faculty Position 

Brown University seeks highly qualified candidates for one open rank, tenure-track or tenured faculty 
Penition with u preference for assistant profesor in the Center for Computational Molecular Biology 
{CCMB). The growing CCMB currently has four fll-timne faculty members two Computer Science, coe 
inApplicd Mathematics and one in Biology. Candidates are sought in all areas of computational biology 
and bioinformatics, particularly those who specialize in research aexscornplementary to and synergistic 
with those of eure faculty. The rescarch areas ofthe current Center facuy ae: algocithie netbods 
and statistical inference in genomics, comparative genomics and evolution, gene regulatory networks, 
regulatory senomics, mathcmatical models of genetic vanation and cancer genomics 
‘The succesful applicant will be expected to have a demonstrated potential for excellence in research 
and have outstanding teaching skill Junie faculty applicants should show the ptenil vo etablish an 
extemally funded seach program. sence fculty applicants should have etablied sch a pogratn 
‘The appointee will participate i the conning development of Brown's ewablihed undergraduate Cons 
putational Biology cuiculum and a newer graduate curicolua built upon the foundation of Brown's 
TNdely recognize record of teaching nov aon and academic excellence The apponatce wll have the 
Opportunity to pticipate in several intenlinciphnary projects, anchading collaborathons with faculty i the 
Cte fr Generics nd Protomics, the Center for Candiovsculr Rescarch and other nuhidscipfinary 
programs at Brown and afi hospitals The appointment wil bein one ofthe following top ranked 
‘epartmets: Division of Applied Mathematics, Departinnt of Computer Science, or Division of Biol 
‘ogy and Moicine. 
Apolicans shoul submit curriculum vie, representative prepints or reprints and their research and 
teaching plans with emphasis on thee wtendseiplinary expertise. Aditionaly candaes foe Assistant 
Professor should arrange to have at least tree letters of recommendation sent directly tothe contact 
address. Candidates for Associate Full Profesor should provide names and contact sera 
least five references, who willbe contacted fr ltrs of recommendation by the search commie at at 
appropiate time, All applications will be teat eonidenally. Application review will commence on 
December 10, 2007 ana eotinue uni the portion led 


the cover letter and le 
Center for Computational Molecular Biology, Brown University, Box 1910, 115 Waterman Street, 
Providence, RI 02912. 

For further information, see hitp:/ww w.brown.edu/Researct/CCMB 


Brown University is an Affirmative Action’ Equal Opportunity Employer. 
Women and minorities are encourarged 9 app 


eae 
Faculty Position 
Neuroscience Research 


Department of Pediatrics 


University of Maryland 
‘School of Medicine 


A tenure track position is available wo highly 
‘qualified individuals with interests that comple- 
‘mentand extendresearch in the department, The 
‘successful candidate will interact with ongoing 
research on developmental brain metabolism 
including preclinical studies on neuroprotection 
in hyposia/ischemia, excitotoxic damage, and 
traumatic brain injury, and will mentor young 
faculty and fellows in research, Resources 
include a Brain and Tissue Bank for Devel- 
‘opmental Disorders, and NMR. spectroscopy 
for studies of brain funetion and metabolism, 
The University has outstanding research in 
neuroscience and neuroprotection and offers 
‘competitive salary, benefits and start up funds. 
‘Qualified candidates with a Ph.D andior M.D. 
degree and external funding should apply by 
December 1, 2007. Applicants should send a 
CV, a S-page summary of research accomplish- 
‘ments and future plans, and the email addresses 
Mel 
du, Position 


The University of Maryland isan Equal 
Opportunity. Afirmative Action Employer, 


PREDOCTORAL AND POSTDOCTORAL 
FELLOWSHIPS IN 
TRANSLATIONAL CARDIOVASCULAR RESEARCH 


Predoctoral und postdoctoral positions are available at Columbia Univer- 
sity College of Physicians and Surgeons in the Department of Physiology 
and Cellular Biophysies and the Wu Center for Molecular Cardiology, 
‘with support available from a NHLBI T32 Institutional NRSA award. 


Institute for Diabetes, Obesity and Metabolism and 
the Department of Cell and Developmental Biology, 
Assistant/Associate Professor Tenure Track 


The Insitute for Diabetes, Obesity and Metabolism (IDOM) and the Depart 


‘Twenty-eight basic and clinical Cardiovascular laboratories are part ofthis 
training program that focuses on the following areas: (1) Cardiovascular 
Cell Biology; (2) Cardiovascular Biophysics: (3) Geneticsand Genomics: 
(4) Bio- and Tissue-Engincering: (5) Computational Biology: (6) Trans- 
lational Cardiovascular Research, The training program has well-estab- 
lished cardiovascular seminars, journal clubs, joint laboratory meetings 
and retreats, designed to encourage collaborations and foster excellence 
in cardiovascular research. 


For more information please visit our website: 


‘hutp:/cpmcnet.columbia.cdu/deptphysio/training html 


For predoctoral positions, applications can be completed on-line at: 
‘http:/cpmenct.columbia.edu/dept/physio/graduate_program html 


ment of Cell and Developmental Biology atthe University of Pennsylvania's 
School of Medicine seck candidates for Assistant or Associate Professor posi 
tion in the tenure track. Rank will be commensurate with experience, Appli- 
‘cants must have an M.D, Ph.D. of M.D./Ph.D. and have demonstrated excel 
Jen qualifications in Education and Research. Qualifications and experience 
{in teaching will be required. Developing an independently funded research 
program will be required for promotion inthe tenure track 

‘The siocessful applicant will eceive an excellent start-up puckage and move 
into newly reoovated space ina superb scientific environment 

‘Qualified applicants must have demonstrated research productivity related 
to diabetes or obesity. We are particularly interested in individuals who wil 
‘complement existing strengths of the Penn IDOM, using novel cell-based 
systems and/or model organisms, For more information visit the IDOM web- 
site at httpz/wwwned.upenn.edu/iden/ and the Cell and Developmental 


‘Questions related to the Physiology graduate program can be emailed to: 


graduateprogram(a columbiaphysiology.org 


For postdoctoral positions, applicants must have a Ph.D. and/or M.D. 
Please email your leter of interest, curiculum vitae and three recom- 
‘mendations letters to: 
Andrew R. Marks, MD. 
Chair, Physiology and Cellular Biophysics 
Principal Investigator, Multidisciplinary Training Progeam in 
‘Translational Cardiovascular Research 
cardiovascular‘@ columbiaphysiology-org, 


All applicants must be U.S. citizens or permanent residents. Minority 
«and female applicants are particularly encouraged to apply 


Biology website at hetp://www.med.upenneduicelible’. 
Please send curriculum vitae, leter of research interest and thre letters of 
reference 10: 

Mitchell A. Lazar, M.D., Ph.D. 
Professor of Medicine and Chief of Endocrinology, Diabetes and 
Metabolism 

stitute for Diabetes, Obesity and Metabolism 

‘lo Ms. Kishani Martin 
University of Pennsylvania Schoo! of Medicine 
700 Clinical Research Building 
41S Curie Boulevard 
Philadelphia, PA 19104-6149 
The University of Pennsylvania is an Equal Opportunity Affirmative Action 
Employer Women and minority candidates are strongly 

cexcounsged 10 apply 


Director, 


UNIVERSITY OF BASEL 
Assistant Professorship (tenure track) in Molecular Imaging 


at the Faculty of Medicine of the University Base! 
start October 2008 or earlier 


The University Hospital Basel is looking for a head of the molecular imaging chemistry programme and the radiophar- 
macy laboratory. The laboratory currently consists of several post-doctoral fellows and technicians. Resources to 
recruit research staff are available. 


The candidate should have a PhD in medicinal, biological or radiopharmaceutical chemistry with a strong record in 
external funding, publishing and leadership. 


The candidate will be expected to teach chemistry to medical students (in German) and develop a strong research pro- 
gramme with an emphasis on new radiopharmaceuticals and targeted MRI contrast agents for oncology and cardiology. 


Interested candidates should send their curriculum vitae, letter of interest, short plan of future research, and names 
of three references to the Dean of the Medical Faculty of the University Basel, Prof. Dr. A. Urwyler, Klingelbergstrasse 23, 
CH- 4031 Basel, until October 18, 2007. 

E-mail: Rosanna. Notaro@UniBas.CH. For additional information you may contact: Prof. Dr. Matthias Wymann, Head of 


the Search Committee, University of Basel, Matthias. Wymann@UniBas.CH, Tel: ++41 61 2670951 


at 
‘Tenure Track Faculty Positions 
Brain Injury and Neuroprotection 
Research 
Department of Anesthesiology 


University of Maryland 
School of Medicine 


At least two tenure-track positions at any 
rank are available to highly qualified indi- 
‘viduals with outstanding records of research 
in the area of ischemic or traumatic brain 
injury. Research can involve in vivo or in 
vitro models of brain cell injury and death. 
The successful applicants will work together 
with a team of investigators specializing in 

hondrial dysfunction and oxidative 
stress. Unique opportunities exist for 
performing translational research in col- 
laboration with the Adams Cowley Shock 
‘Trauma Center. Highly competitive salary 
and start-up packages are available, 


Applications should includea CV, a 3-page 
summary of research accomplishments 
and future plans, and the email addresses 
of three references to Dr. Gary Fiskum at 
‘gfiskum@anes.umm.edu. 


The University of Maryland is an Affirma- 
tive Aetion/Equal Opportunity Employer. 


UNIVERSITY OF 


MARYLAND 


THE DEPARTMENT OF CHEMISTRY AND BIOCHEMISTRY 
Bio-molecular X-ray Crystallographer 
All Levels Tenure-track or tenured position 
(Assistant Professor, Associate Professor, and Professor) 


Aspartof majo Universit iittives in the life sciences and biophysics, the Department of Chemistry 
and Biochemistry secks to further strengthen its program in Structural Biology. We shall appoint a 
bio-molccular x-ray erystallographor to a tenured o tenure-track positon. The successful candidate 
willaddto a program in biemolecular crystallography that was recently initiated withthe hte of one 
individual atthe Assistant Professor level. We seek outstanding scientists whose research interests 
complement existing strengths in the department and across the University and who are committed 
to developing outstanding programs in research and teaching. One of four departments within the 
College of Chemical and Life Sciences, Chemistry and Bicchemistry participates in University 
centers and initiatives including the Center for Biomolecular Structure and Organization the Center 
for Bioinformatics and Computational Biology the Institute for Physical Science and Technology, as 
‘well asa university-wie initiative in biophysics. The University of Maryland, College Park isthe 
flagship campus ofthe University of Maryland System and is ideally situated in close proximity 
‘Washington, D.C. Baltimore, and Maryland's 270 Technology Corridor. Candidates should submit 
a curriculum vita, athree-page summary of esearch plans a .atement of elucationa interests, and 
contact information fr three persons from whom letters of recommendation canbe requested. Please 
submit applications via the department web ste (htp:/www.chem.umd.edw/employment htm) 


+ Qualifications: We seck scholars who will build oc have highly visible, widely acclaimed research 
programs and who are capable of excellence in undergraduate and graduate education. Candidates 
are expectedto have a Ph.D. degree, demonstrated accomplishments in independent research, and 
[promise as an effective educator. 

Salary: Commensurate with qualifications, 
Deadline: Review of applications will begin December 11, 2007, but we will continue to accept 
applications until the position is filled. 


AN EQUAL OPPORTUNITY, AFFIRMATIVE ACTION EMPLOYER. APPLICATIONS FROM 
WOMEN AND MINORITIES ARE ENCOURAGED, 
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ECOLOGY 


3/ University of Califomia San Diego 

‘Section of Ecology, Behavior and Evolution 

Division of Biological Sciences 
http:/ww-biology.ucsd.edu/ 


‘The EBE section and the Division of Biological Sciences are commit- 
ted to building « strong program in environmental biology to meet the 
key challenges of the 1" century. We seek applications from scientists 
‘working to understand and solve ecological problems both locally and 
alobally that are caused by human impacts. Applications from junior 
candidates are strongly encouraged although tenured scicatists will 
bbe considered. Area of scholarship is open, but we are particularly 
interested in candidates working in the areas of global change biology 
‘and human impacts on community structure and dynamics. Applicants 
should demonstrate oustanding records of research achievement, and be 
able toattract significant extramural research support. The appointee is 
expected to participate fully in departmental affairs and teaching. 


Level of appointment will be commensurate with qualifications and 
‘experience, Salary will be based on published UC pay scales. Review 
Cf applications will begin November 1, 2007 and continue until the 
positon is filled. Applications should comprise a single paf file contain 
ing a CY, copies of recent publications, and statements of research and 
teaching interests, The application and three letters of reference (sent 
directly by the referees) should be sent 10 ebe-ecol-d(auesd.edu with 
EBE Ecology as the subject line. Applicants are welcome to include 
in their cover letersa personal statement summarizing their contribu- 
tions to diversity. 


UCSD is an EO/AA Employer with a strong instituional commitment 
twexeellence through diversity 


MOLECULAR 
EVOLUTION 


University of California San Diego 
Section of Ecology, Behavior and Evolution 
Division of Biological Sciences 


http:/www-biology.ucsd.edu/ 


We invite applications fora postion in molecular evolution. Applica- 
tions from junior candidates are strongly encouraged although tenured 
scientists will be considered. Area of scholarship is open, We are 
particularly interested in candidates working in the areas of genome 
evolution, functional genomics, the genetics of adaptation, evo-devo, 
‘microbial evolution, and computational biology. We seck candidates 
‘who will complement our existing strengths in molecular evolution and 
‘who will make comectons to other areas of research strength at UCSD, 
such as the Venter Institue. Applicants should demonstrate outstanding 
records of research achievement, and be able to attract significant ext 
‘mural research support The appointee is expected to participate fully in 
departmental afais and teaching. 


Level of appointment will be commensurate with qualifications and 
experience. Salary will be based on published UC pay scales. Review 
‘of applications will begin November 1, 2007 and will continue until the 
position i filled. Applications should comprise single spa file contain- 
ing a CV, copies of recent publications, and statements of research and 
teaching interests. The application and three letters of reference (sent 
directly by the referees) should be sent to ebe-ev-d@ucsd.edu with 
EBE Molecular Evolution as the subject line. Applicants are welcome 
to include in their cover letters a personal statement summarizing their 
contributions to diversity 


UCSD is an EO/AA Employer witha strong institutional commitment 
1 excellence through diversity 


‘THE UNIVERSITY OF CALIFORNIA, SAN DIEGO 
DIVISION OF BIOLOGICAL SCIENCES 


‘The Division of Biological Sciences at UCSD has a large faculty span- 
thing many ateas of biology and one of the largest and most diverse 
‘graduate programs in the country. We invite applications for faculty 
positions in the 


NEUROBIOLOGY SECTION 


We plan to make appointments in tenure-track or tenured positions atthe 
Assistant, Associate, o¢ Full Professor levels in several areas of neurobiol- 
‘ogy. particularly systems, computational, and behavioral neurobiology 
Applicants must have demonstrated ability to develop a rigorous research 
‘program, All applicants must have Ph.D. or equivalent degree anda com 
‘mitment to teaching atthe undergraduate and graduate levels. The level 
‘of appointment will be commensurate with qualifications and experience 
‘with Salary based on the published UC pay scale. 


Applications received by November 1, 2007 will be assured of consid- 
ration, and the position will remain open until the positions ae filled. 
Applications should comprise a single pdf file containing a CV, copies 
Of recent publications, statements of research and teaching interests, 
and the names of at least three references with mail addresses, email 
addresses, phone and fax numbers to: nsearch-c@biomail.uesd.edu 
‘with Neurobiology as the subject line. 


UCSD is an Equal Opportunity-Affirmative Action Employer with a 

strong institutional commitment to the achievement of diversity among 

its faculty and staff and applicants are also invited to summarize their 
‘own contributions to diversity 


Faculty Position 
‘The University of California 
‘at San Diego 
Section of Cell and 
Developmental Biology 
Division of Biological Sciences: 

http:/fbiology.ucsd.edu/ 
The Section of Cell and Developmental Biology inthe Division of Bio- 
logical Sciences at UCSD invites applications fora new faculty position 
With a strong preference for the rank of Assistant Professor. Candidates 
Pursuing innovative research in areas of developmental and cellular 
biology are encouraged to apply. The successful candidate i expected to 
havea broad interes indevelopment and cell biology and to complement 
‘existing trengthsin the Section and the Division. The primary criteria for 
selection will be excellence and creativity in research and scholarship. 
{All candidates must have a PhLD., M.D. of an equivalent degree. The 


successful candidate is expected to participate in the undergraduate and 
graduate teaching curriculum. Level of appointment will be commensurate 
‘ith qualifications and experience, Salary will be based upon University 
‘of California pay scale 


‘Complete applications received by December 3, 2007 will be asured 
‘of consideration. A complete application will consist of a curiculum 
vitae, incloding a complete list of publications, a short statement of 
research interests and scientific goals from the applicant, and three let 
ters of recommendation (sent directly by the referees) t: Development 
and Call Biology Search Committee, Division of Biological Sciences, 
‘Attn: Sarah Hosford - Mail Code 0116-D, Muir Biology Building, 
Room 1202, University of California, San Diego, 9500 Gilman Drive, 
La Jolla, CA 92093-0116. Applicants are welcome fo include in thet 
‘cover letters a personal statement summarizing leadership efforts and/or 
‘contnbutions to diversity: 


UCSD is an Equal Opportunity-Affrmarive Action Employer 
with a strong institutional commitment to the achievement of 
diversity among its faculty and staff 


University of California, San Diego 
Division of Biological Sciences 


(http:/www-biology.ucsd.edu/) 
Section of Molecular Biology 


‘The Section of Molecular Biology at UCSD announces searches for faculty members in Molecular Biology and Microbiology. We seck applicants 
‘molecular, biochemical, oF genomic approaches to address fundamental problems in cukaryotic and prokaryotic biology. Candidates must have a Ph.D. 
or M.D. degree or equivalent, postdoctoral experience, and a record of research accomplishment. In addition to performing outstanding research, the 
successful candidate will be expected to participate in undergraduate and graduate education. Assistant Professor level candidates should show evidence 
‘of potential through letters of recommendation and a publication record appropriate for experience. The level of appointment will be commensurate with 
qualifications and experience with salary based on the University of California pay scale. 


Each applicant should submit a detailed resume, copies of selected publications, a summary of current and proposed research, and arrange for three 
letters of recommendation t be sent directly Wo one of the search committees listed below. Candidates may apply to multiple searches. Applicants are 
Welcome to include a personal statement summarizing their contributions to diversity. Complete applications received by October 24, 2007 will be 
assured of full consideration, 


Assistant, Associate oF Full Professor in Molecular Biology: Applications are invited for a tenured or tenure-track faculty position in molecular 
biology. All areas of molecular biology will be considered, including but not limited to signal transduction mechanisms, disease models, cancer biology, 
stem cell biology, RNA biology, virology, genomics, epigeneties, and epigenomics. 


Assistant, Associate or Full Professor in Microbiology: We invite applications from individuals a all levels, but have a preference for appointments 
atthe rank of Assistant Professor. All areas of microbiology will be considered, including but not limited to molecular genetics, cell and developmental 
biology, synthetic biology, environmental microbiology, host-pathogen interactions, and symbiotic relationships, 


Assistant, Associate or Full Professor in Marine/Environmental Microbiology: With the Section of Biology at the Scripps Institution of Oceanog- 
raphy, we invite applications for a tenured oF tenure-track position in marine microbiology for a joint appointment in the two departments. We seck a 
candidate using molecular approaches to study fundamental problems in marine Bacteria, Archaca or viruses. All arcas of marine microbiology will 
be considered, including but not limited to those listed above for the Assistant Professor in Microbiology, as well as microbial interactions, evolution, 
diversity, biochemistry and genomics 


Send applications to: Molecular Biology c/o L. Weber ~ Mail Code 0347-C, UCSD Biology, 21400 Pacific Hall, 9500 Gilman Dr., La Jolla, CA 
92093-0347; or: Microbiology Search Committee c/o A. Barron ~ Mail Code 0377-C, UCSD Biology, 4119 NSB-1, 9500 Gilman Dr., La Jolla, CA 
92093-0377, Direct inquiries to: Molecular 


UCSD is an EO/AA Employer with a strong institutional commioment to excellence through diversity: 


Center for AIDS Prevention Studies 
University of California, San Francisco 


Faculty Search—Rank Open: Social 
Behavioral HIV Prevention Research 


The mission of the Center for AIDS Prevention Studies (CAPS) is to coo 
{duct domestic and international research to prevent the acquisition of HIV 
and to optimize heath outcomes among HIV-infected individuals. CAPS, 
based in the Department of Medicine, Division of Prevention Science, 
at the University of Califomia, San Francisco (UCSF), is recruiting one 
‘or more faculty members in the area of HIV/AIDS ot social behavioral 
‘esearch applied to prevention science and the development of effective 
LV prevention interventions 


UCSF seeks candidates whose experience, teaching, research, or commu- 
nity service has prepared them 10 contribute to our mission. Strong NIH 
funding trick record and experience diseeting federally funded research 


studies required. Research expertise in the following areas sought: social 
psychology, sociology, epidemiology. clinical psychology, anthropology. 
‘community psychology, medical sociology, and statistics. Populations and 
areas of special interes include: thn minority populations, men who have 
sex with men, women, adolescents, substance users, inearcerated populations 
‘nd thee families optimizing health outcomes, and biomedical approaches 
toprevention 


Interested candidates should submit a detailed cover leer describing their 
interests and experience, as well as curriculum vitaeto: Margaret Paternek, 
PhD, Deputy Director, UCSF Center for AIDS Prevention Studies, $0 
Beale Screet, 13th floor, San Francisco, CA 94108, 


UCSF seeks candidates whase experience, teaching. research, or com= 
‘munity service has prepared them to contribute to our commitment to 
diversity and excellence. UCSF is an Equal Opportunity/Affemative 
Action Employer The University undertakes affirmative action to assure 
‘equal employment opportunity for unkerutilized minorities and women, 
for persons with disabilities, and for covered veterans. All qualified app 
‘ants are encouraged to appl, including minorities and women. 


Faculty Position in Plant Biology 
The University of California 
at San Diego 
Section of Cell and 
Developmental Biology 
Division of Biological Sciences 
http://biology.ucsd.edu/ 


‘The Section of Cell and Developmental Biology in the Division of Bio- 
logical Sciences at UCSD invites applications for a faculty position in 
Plant Biology witha strong preference forthe rank of Assistant Professor. 
‘Candidates pursuing innovative research in all areas of plant biology are 
«encouraged to apply. Preference wil be given to candidates with outstand- 
ing research accomplishments whose future research will complement 
existing strengths in the Section and the Division. The successful can- 
didate is also expected to participate in the undergraduate and graduate 
teaching curriculum, A Ph-D.and postdoctoral training are required, Level 
‘of appointment will be commensurate with qualifications and experience. 
‘Salary will be based upon the University of California pay scale. 


‘Complete applications received by December 3,2007 will beassured of 
consideration. A complete application will consist of a curriculum vitae 
including a complete list of publications, a statement of past research 
accomplishments and future research interests/goals, up to five publica- 
tions, and 3-5 letters of recommendation (sent directly by the referees) 
{o: Plant Biology Search Committee, Division of Biological Sciences, 
‘Attn: Sarah Hosford - Mail Code 0116-C, Muir Biology Building, 
Room 1202, University of California, San Diego,9500 Gilman Drive, 
La Jolla, CA 92093-0116, Applicants are welcome to include in theit 
cover leis a personal statement summarizing leadership efforts and/or 
contributions to diversity. 


UCSD is an Equal Opportunity-Affrmative Action Employer 
with a strong institutional commitment to the achievement of 
diversity among its faculty and staf 
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YALE UNIVERSITY 
School of Forestry and 
Environmental Studies 

Faculty Position 
Terrestrial Ecosystem Ecology 


Yale University’s School of Forestry and Environmental Studies seeks 
tohire a tenure track or tenured faculty member in Terrestrial Ecosystem 
Ecology. Senior candidates will have developed a highly regarded field- 
‘oriented research program, have a demonstrated capacity for interdisci- 
plinary research, and possess a very strong record of publication. Junior 
‘candidates will have shown the potential for developing such a research 
‘program, witha record of publishing, anda demonstrated enthusiasm for 
interdisciplinary and applied research. He or she will have broad know!- 
edge of terrestrial ecasystem ecology. Subject areas of interest are broad, 
‘but examples are: plant-water-soil dynamics soil biogeochemistry, plant 
diversity-sol interactions and soil ecology microbial ecology. Candidates 
‘with strong field skills and demonstrated experimental research that scale 
across systems andr is comparative are preferred. Candidates should be 
‘prepared to teach graduate-level courses on soils and ecosystem ecology, 
a Well as advanced seminars on more specialized topics. 

Applicants should send by 15 November 2007 their curiculum vitae, a 
‘statement oftheir research and teaching interest, alist of three references, 
and representative examples of their publications to: 

‘Terrestrial Ecosystem Ecology Search Committee 
c/o Assistant Dean Jane Coppock 
Yale School of Forestry and Environmental Studies 
205 Prospect Street, New Haven, CT 06511 


Orby email to: jane.coppock @yale.edu 
Additional information on this pesition may be obtained by contacting 
Professor Mark Ashton, 205 Prospect Street, New Haven, CT 06511, 
USA, phone: (203) 432-9835, email; mark.ashton@yale.edu 
Yale University isan Affirmative Action /Equal Opportunity Employer: 
Members of minority groups and women are encouraged to apply 


in Virology 


The Section of Molecular Genetics and Microbiology at the 
University of Texas at Austin invites applicants for a 
tenure-track faculty position in virology at the Assistant 
Professor level. Outstanding applicants at the rank of 
Associate or Full Professor will also be considered. The Section 
hhas a scientifically diverse faculty and all areas will be 
considered. We are most interested in outstanding candidates 
Studying the molecular biology of animal viruses, particularly 
Viral gene expression and virus-host interactions, including 
hhost innate Immune responses, We seek an outstanding 
investigator who will build an active research program and 
will teach effectively at the undergraduate and graduate 
levels. The successful candidate will be eligible for 
membership in the Institute for Cellular and Molecular 
Biology, will have access to its extensive core facilities, and will 
have the opportunity to participate in several ‘graduate 
programs. The position offers excellent start-up funds, salary 
and laboratory space in a new building that is part of a 
‘dynamic, highly interactive wsearch environment 

Please send a single PDF file containing your curriculum vitae, 
summary of research interests, and names of three references 
before January 1, 2008 to: mgm_search@biosci.utexas.cdu, 
References may also send their Ietters directly to the same 
email address. 


Homepages * http:/ /www:biosciutexas.edu/mgm/ 
Ri coi ic 


Department of the Army 
U.S. Army Medical Research and Materiel Command 
U.S. Army Medical Research 
Institute of Infectious Diseases 


Electron Microscopist 


The Pathology Division of the U.S. Army Medical Research Institute 
of Infectious Diseases (USAMRIID), the Department of Defense's 
premier research Institute for medical defense against biological 
threats located at Fort Detrick, Maryland, is seeking to fill the 
position of Electron Microscopist, The selected individual will be 
involved in the planning and technical management of electron 
microscopy portions of USAMRIID studies and in the interpreta- 
tion of ultrastructural changes in study materials atthe cellular and 
tissue levels 


Desired Qualifications: An MD, DVM, PhD, or related degree 
in the biological sciences and 3 or more years of relevant expeti- 
‘ence in electron microscopy involving animal or human tissues is 
required. A successful candidate must demonstrate the ability to 
provide expertise in the planning and execution of electron micros- 
‘copy methodologies and the ability to interpret normal and abnormal 
ultrastructural tissue and cellular changes related to a variety of 
conditions. The candidate must have excellent written and oral 
‘communication skills, strong project management skills, and the 
ability to work cooperatively in a collaborative, cross- functional 
team environment. 


Interested applicants should refer to announcement NEBBO7164156 
‘or NEBBO7164156D at www.cpoLarmy.mil for the job vacancy 
announcement 


Applications will be accepted from September 28, 200710 October 
29, 2007. 


Get help 
from the 
experts. 


Your | 
career is 
our cause. 


www.sciencecareers.org 
* Job Postings 
® Job Alerts 


* Resume/CV 
Database 


* Career Advice 
* Career Forum 


Science Careers 


Founding Faculty: Master Teachers and Researchers 
Assistant Professors — Associate Professors — Full Professors 


‘The Commonwealth Medical College, 2 new independent medical school in Pennsylvania is searching for 2 founding basic 
science faculty who want to practice state of the art teaching and engage in research in a collaborative setting. This is a chance for 
faculty to help shape the future of 2 new, innovative model of medical education. The Commonwealth Medical College will train in a 
community based, distributive model working with clinical faculty throughout north central and northeastern Pennsylvania, linked by 
state of the art technology. We are in the accreditation process with LCME and the Pennsylvania Department of Education and hope 
to accept our first class in 2009. We are funded by state dollars and a generous grant from Blue Cross of Northeastern Pennsylvani 
The school enjoys tremendous regional support for its mission of education, research and service and has developed relationships 
with outstanding local colleges, universities, hospitals and physicians to create @ new model of medical education, 

We are looking for exceptional faculty in pathology and all basic science areas - biochemistry, physiology, microbiology, and 
anatomy, who are passionate about teaching and research, interested in mentoring students, and want to participate in an interdisciplinary, 
collaborative model. We are also seeking faculty who want to build something new, who are comfortable with technology and new 
teaching methods. 

We are interested in scientists who want to grow and develop their research in 3 new academic model, Our initial interests are in 
enomics, pharmacogenomics, pharmokinetics (PK) and pharmacodynamics (PD) that are relevant to cancer and epidemiologically 
important infections and diseases, We are also interested in developing a clinical research center model that would involve community 
physicians and hospitals and conducting population based studies related to the health needs of the area. Cancer, diabetes, and heart 
disease are the leading issues of concern, but other areas of expertise are also welcomed. 


2 
2 
Ss 


This is a wonderful opportunity to create something innovative and important and have a significant impact on the future of a new 
‘medical school. Unlimited opportunities for growth, both professionally and personally, exist within this collaborative environment. 
We will be developing curriculum, as well as new facilities, with faculty input. 

Please submit your curriculum vitae to: Robert M. D’Alessandri, MD, Dean, The Commonwealth Medical Colle 
Washington Avenue, Scranton, PA 18503 or electronically to RMD@nepamedc.org. 


thecommonwealthmedical.com | The link to the Dean's blog is newmedicalschool. blogspot.com 


“Insets popeued a in develope Base ot eens degree erating stdorty hom te PenstaniDepatnen doco, 


150 North 


i= DANA-FARBER 


Dedicated to Discovery..Committed to Care. 


ASSISTANT PROFESSOR 


Tenure ‘Track 


By Hauptman-Woodward 
Medical Research Institute 
Chief Executive OfficeriScientific Director 


‘The Houptman-Woodward Medical Research Instule (HW!) is an 
Independent, nolor-proft, biomedical research facility located in the 


Neurobiology/ Oncology 
The Dane-Fuber Cancer state hes launched » new program on low 
rade atocytomes and luted bran tumors chren. Dane farer now 
Sra wal-uaifiedapphcants for tenure tac poston a he Assan of 
Associate Profesor level with appartment the ‘Deparoort of 
Neurology at Horvord Metical Scho or Pelac Oncology ot Goren 
Hesptat 28 epproprite. Candas are expectd to rect ovetve and 
Independantesenrch on fndamenta probs ft unre psa be 
{orors and fo pattipte the techy atone of be tense sa of 
Hawerd Meccd Shee Doveopmonta reureSobgy end nesropatlony 
iSre1wo reer focuser iesesrch The poston cls an atraebve sar 


4p support package in a stinulting scientific environment. Applicants must 
‘hold a Ph.D. MD/Ph.D. or MD. degree, have completod post doctoral tain- 
ing, and have a strong record of research accomplishments. Applicabons 
{from women and minorty candidates are encouraged. 


Applicants should submit a curiculum vitae including a full ist of pub 
lications, a bret statement of previous contributions and future 
research plans as well as the namas and contact information of four 


Faculty Search Committee 
‘c/o Deborah Goft 
Dana-Farber Cancer Institute 
Room SM1068, 44 Binney Street, Boston, MA 02115, 
‘E-mail: deborah. goff Gdfel harvard. edu 


Applications must be 
received by 
MEDICAL SCHOOL november 1, 2007 


an ual event) EBON 


SHARE THEVISION. FIND THE CURE 


heart of downtown Buflal's medical campus, For half a century, HWI 
‘dentists have been commitied to improving human health through 
study, at 2 molecular level, of the causes and potential cures of many 
isoases, 


‘The medical campus is shared by the University at Buflato and Roswell 
Park Cancer Insttute which, along wits Hauptman-Woodward, form the 
Buffalo Lfe Sciences Complex, Hauptman-Woodward faculty hav 
‘added to the cooperative relationship by serving as the University at 
‘Buffalo Department of Stuctural Biology. 


AA search for a new CEO/Scientfic Director has begun as HWW is 
Stategicaly set for major growh and expansion. The Insitute occupies 
2 beautiful, brand new 72.000 square foot state ofthe art building al the 
Ccenter of the Buffalo Niagara Medical Campus (BNMC), A successtuly 
funded scientist with strong managerial skis wil be needed to meet the 
challenges and opportunties facing HWI. The abilty to buld endowment 
funds, a8 wel as the general development efforts, wil be required. 


For more information about current research programs and the new 


feclly. vist our web ste http:iwww.twLbuffalo.edu. Inlerested 
applicants should submt a cover lefier and curriculum viae in strict 
‘confdience io 


Eileen P. Biako, Principal 
‘Alexander, Wollman & Stark 
_epbiahe2001 @yahoo.com or fax to 610.399.5785 


‘The Houpiman Weedon Inet is an Equal Opportunty Employer 
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POSITIONS OPEN 


ASSOCIATE PROFESSOR, 
in an Area of Infectious Disease 

“The Department of Biclogical Sciences at the Uni 
versity of Notre Dame inviees applications at the 
‘Aswociate Professor level. The canaadate should have 
4 Ph.D. of equivalent and a demonstrated record of 
research and teaching accomplishments. He/she 
‘expected to have an outstanding research program in 
the general area of infectious disease with 2 strong 
track record of publications and extramural funding. 
"The candidate's research should complement the 
infectious disease focus within the Department and 
the Col Science, Individuals whose program 
thas cross disciplinary components are particubly en 
couraged to apply. The successful candidate will be 
expected to teach an undergraduate and a graduate 
‘course, The new faculty member will be part of the 
Center for Global Health and Infectious Diseases 
swith opportunities For collaborations with other inter 
disciphnary centers within the University, including 
the Reck Center for Transgene Research, ani the Inter 
disciplinary Center for the Study of Biocemplexity 
The Department alo hokis an NSF Integrative Grad 
uate Fdueation and Research Traineeship training 
sant Eel coe inca new genomic in 


ae, 
ie Departmen, acu, and faites 
St cote ind.edaAtpiations 
ile erst oak Deco a007, Caer 
‘vil commence tmmediate. Quali india 
Should send dir cucutum eae, the names and 
{Mirae of at teat three reference, aod summary 
df curenereeach and teaching intrest to: Cha 
Infectious Disease Search Commitee, 

Of Mological Sciences, University of Notre Dame, 
Notre Dame, IN 46886.0369. Fer more ior 
Sony sma be Search Chai a emalacor 1 
SST Un of Nove Dane bow Afric Ano 
Fiat! Oppotaly Enos Weel innysoddaes 
stewed ipl 


ASSISTANT/ASSOCIATE PROFESSOR 
Tacteriology 

the Department of Microbiology and Immunol 
‘ogy at the’ Brody School of Medicine, ast Carolina 
Unisenity (ECU), vices applications for a verre 
trick fully position at the Asitant Profesor 
eolte Ragwor let We ae mck nd 
‘ial to develop an independent, handed resca 
prow ing lea prec ose ae 
Pcl phan etl oar han 
alten, Vhe sues 


png record of continuots re 
search funding including current extramural support 
and evidence of successful teaching performance. The 


Department has 13 full-time tenure-track ficuley, ae 


sien om cy, nl wan 
py ser eapre micas a 

teu ceceon nlcwcoe. tabi: x aera 
Medicine has snow enodern accrediesnial cae 
facty with a well tne veterinary staf ECU is 
located in Gremile, Nort Carina am cy wih 
4 population of 70,000, appcoimnatly 90 lcs cae 
oP kiln and a shor vile Roe the Costa Come 
teaches and’ she ‘Outer Banke Apphants should 


apply online at website: beep: rjobs.ccu.cda 
Se eee 


comple the 9 
ihe required forums arcs vie, 


‘outline of their planned research program, and 
fnames and complete addresses of three references 
‘Questions pertaining to the position can be ad 
dresied to C. Jeffrey Smith at email: smitheha® 
fected. Kt Cains Unuerity sr Equal Oppo” 
Aematbe: Acton UnivestyAaoommalae indi wie dee 
“biines. Applicants was copy wth he bait Ref 
‘and Count cle, 
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POSITIONS OPEN 


‘The Univenity of Georgia 


EACULTY POSTION in PHARMACEUTICS 
Teo DRUG HRANSTORE 

The Depatvent of Parma and Bo 
mobail Shanes te Uneriy of Gaps, 
[hea ee plese rallies 
took ASSISTANT PROFESSOR peso in 
pec wes of paemares at ng 
tear Appia oll pare De 
Rem or cmon dope: wah 
fomiclsine tb raueteewes 
Eos uer pater chose et comet 
trislog Esccles comme see mat 
Sampo ch bic pmecceis ad dog 
‘Eben fg amp cooper ot a 
Thowb, atl FRE. knoe af egies Eck 
seca soplant b cgeact devon 4 
Sie ovanury fared road rope 
ihe aceinined sone Tbe aoe ola 
cunticsion, ators should be rss 
by December T2007" Imensedquaied 
plein doall nb a ane of pslcata, 
Socio tase recon pl Ea tr 
sonbicld nee, of eomimcndstin to 
Ghar, Sard Commies Deparmene Of 
Phartuceuical and’ Bomedied Sdences 
tay Bing Univerty of Caer, Aa 
SGA 30022883. Aya ma abo 
Seoh ce m emett phetea 
ped peed = 
dbes/pgtonton Brconticesin, Tie Unroty 
Scope to fp lags Orpen 
Apc A tty Upatnsfe od 
‘fet iity eadese cog 


POSITIONS OPEN 


‘BIOLOGY (ECOLOGY). Whitman College an 
ounces tenure aack postion in logy at the an 
STASSISTANT PROFESSOR, ccine 2008-2009. 
PhD. required, postdoctoral experience prefered 
Wescd 3 FIELD BIOLOGIST with eapenise in 
colo whine ching roca ney car 
SSologell phenomena {auch a animal behavior or 
Steracint) in evolutionary contents Teaching di 
Ses wil include courses and borate in eo 
Sha fl biology, contributions xo Whitman's iter 
‘teipinary environmental stds progeny, an 
Ferblon of sudene escarch in Bog. Whitman 
Gilige wishes to reinice he commento et 
hance verity, trond defined, ecopuing the (0 
ronal a diverse kaming environment i to prepare 
aden for penonal and profesional sce ia 
ineresingy mullicultral and global sod. Ia thelr 
Zea, canis ony ncaa 
their potential contribution to rhe promotion 
f veryy 4 core value ef the Whitman Cale 
Community; their imerest in working with under 
fealuats a teachers an scholars i ier ais 
Environment that emphases clone student 
Stteracion; snd their foterest in parcpating in the 
College's general education ofeinge, Dead 
Ocober 19,2007. Muterals should incite  ktter 
cf application; currant three keer of eer 
sue unlraduate laste wana esl, 
‘valuation or other evidence of demonsrated of 
Soule i undead naruto Ad 
tere and scholarly ada, : 
"Sent atl Mom Bilgy Departmen, Whi 
alge 48 yer Avec, Wala Wala, WA 
39362, Whatman Coley located othe sens 
Harte Basin, a smal cecive, bea a cole 
dedatal to providing excelent educational opp 
tunities for students The Calloge bas onerous 
Sshbaial leave peegram and. profesional develop 
ter spit for ech ee and tachi, 
Mion information about Whitman C 
the Wall Walls are, sce websites: hetp/ wwe 
‘whieman.edu apd hutp:7/www.wallawallacorg. 


ORGANIC CHEMISTRY 
University of Southern California 

The Department of Chemistry of the Univeny of 
Southern Calon ines appeations firs tence 
{tack faculty nition chemisy, 0 star 
the Bll of 2008, Candistes for the rank of AS 
SISTANE ay ASSOCIATE PROFESSOR wale 
Conlered, depending on experience an! qualia 
thos A PRD. depres ta cheney egured: Weare 
iced ncn with aca eres al 
trea of eapcimental organic chematy, paral 
inthe ildvochensea wetbeas, iydnaebon cher 
ity, dectmchemistry, or ctahus, with an emphasis 
‘caer ann materials research, Evidence of fe 
‘arch atsompsfiment and petental av scholar ard 
‘iewel texters imponats, lneroted cndiats 
shoudl stent tek curicuhis vise dsription of 
resarch plans and teaching interes and arrange 10 
tend thee kwon of rereiendaucn to: Profesor 
Nicos A: Pease, Organic Chemistry Search Com 
tnitce, Department of Chemistry and. Loker 
Hydrocarbon Research Institute, College of 
Léters, Arts and Sciences, University of Southern 
Galifernia, 837 Bloom Walk, Lon Angeles, CA 
30089-1651. Appatom wil be consicrel bee 
ting October 28, 2007, and unl the pont 
Sed. USC nda deen anf 1 amin Epa 
Cypecmiy i maple. Nome anf yal wees 
of wd al ha os comedy 


GRADUATE PROGRAM 


Engincering ara Public Policy at Camegie Mellon 
seeks DOCTORAL STUDENTS ith technical 
background to address policy issues in electric one 
energy and environmental isu, climate change: 
gemation and telecom policy; risk analysis and 
regulation; mnagement of innovation and R&D. et 
tera Sce website: http /werw cpp.cmu ed 
Victoria Finney, Engineering an 
Camegie Mellon, Pitsburgis PA 15213 US.A. 


Ne appa all be Aicvtnnared clt 00 te bass of 
‘uc, arin or eth oii, ge, gander, sexu evento, 
mara status, eon, cred, ody 


FACULTY POSITION in ECOLOGY 
The University of Nom Caroli at Chapel Hil’ 
Larry wof B clogs (website: http: //www.bio. 
tea} brie spllaton ford Teni ane pa 
Sear etokigy. The posbion wat the rank of ASSLST- 
ANT PROFESSOR, efexie enor afc ly 1, 2008, 
Sept mine i RD. sa ae reach 
jamin seme apet ofthe elo eeces 
ica mal femal: ecoearchO7 bi nc.c) 
i pecterred, wlth cover eee cana aa 
Teacarch and teaching satemenis suite a si 
TDI fic; up wo dre (PDE) eins sal rk 
Hsct icici (oma uhurd py) rene 
Dr. Jocl Kingwolver, Chair, Eaologie Searcs Com: 
imitece, Department of Biology, €H¥3280, Coker 
Hall, Univesity of North Carolina-CH, Chapel 
Hill, NC 27599-3280. Ching date ni lee re 
‘applications begins November 16, 2007, Te 
Unf Nel Cans a Ea Opp Epa 


POSTDOCTORAL POSITION svailable at 
University of Texas Medical Branch, Galveston, Tex 
as. An NIE Lfanded Pordoctoral position is available 
Jmamediately to study the roe of secretase in growth, 
factor signaling during pathological angiogenesis (see: 
J, Bid. Chem, 281:3604-13, 2006). The applicant 
should have a strong background in vascular endo 
thelial biology and experience in studying intracellular 
signaling pathways. Experience with cell culture and 
Jrotein analysis is esential A Ph.D. apd/or an M.D, 
SS required, Salay’ and benefits will be commensurate 
wwith experience and in accordance with NIH guide 
lines. Interested irlviduals should send a cover etter, 
cucu Vag contact information fr thee 
references to: Michael E. Boulton, Department 
Ophthalmology and Visual Sciences, 301 Uni 
versity Boulevard, Galveston, TX 77555-1106. 
E-mail: meboulto@utmb.edu, Av Ejail Ojpavtmity 
ste 


aww. sciencecareers.org 


$3 Washington University in St.Louis 
SCHOOL OF MEDICINE 
Faculty Position in Single Molecule Studies 


‘The DEPARTMENT OF BIOCHEMISTRY AND MOLECULAR BIO- 
PHYSICS at Washington University School of Medicine invites applica- 
tions foe a tenure-track or tenured faculty position with a research focus 
in the area of single molecule approaches to study enzyme mechanisms 
and/or interacting macromolecular systems. Applicants atthe Assistant, 
Associate, or Full Professor level will be considered. The successful 
‘candidate will conduct independent research within a growing department 
that is broadly represented in quantitative studies of macromolecules, 
including enzymology, molecular interactions and dynamics, structural 
and computational biology (http:/www.biochem.wustl.edu}. Enthusi- 
asm for teaching and mentoring young scientists is also important. 


Washington University has a highly interactive research environment 
‘with vigorous interdiseiplinary graduate and medical scientist training 
programs. Minority and women scientists are especially encouraged to 
apply. Applicants should submit their curriculum vitae selected reprints, 
a short summary of fuure research plans and the names of references 
electronically (0 single-molecule-search a biochem.wustl.edu, of else 
bby mail to: 


SINGLE MOLECULE SEARCH 
‘Tom Ellenberger, Raymond H. Wittcoff Professor and Head 
Department of Biochemistry and Molecular Biophysics, Box 8231 
jashington University School of Medicine 

660 S. Euclid Ave. 
St. Louis, MO 63110 


AN EQUAL OPPORTUNITY EMPLOYER. 


Department of Geosciences 
PRINCETON UNIVERSITY 


‘The Department of Geosciences at Princeton University is secking 
applications for a tenured faculty position in solid-earth geo- 
physics. We are particularly interested in individuals who could 
interact productively with current members of the department, 
in areas including but not limited to seismology, geodynamics, 
and mineral physics, 


Applicants should send a curriculum vitae, including a publica- 
tions list, a statement of research and teaching interests, and con- 
tact information for three references to: Atlan Rubin, Search 
‘Committee Chair, Department of Geosciences, Guyot Hall, 
Princeton University, Princeton, NJ 08544, The starting date 
is flexible, Evaluation of applications will begin immediately: 
interviews of candidates will begin in the fall of 2007 and will 
continue until the position is filled. 


For general information about applying to Princeton and how to 
self-identify, please link to http://web.princeton.edu/sites/dof/ 
Applicantsinfo.htm. 


Princeton University is an Equal Opportunity Employer 
and complies with applicable EEO and Affirmative Action 
regulations 


Assistant Scientist/Extension Specialist E-2 
in Agro-Meteorology 


Washington Agricultural Weather Network 
Position #101008E/101009R 
Search #4541 


Assistant Scientist/Extension Spe 
Meteorology: Washington State Univers 

created Agricultural Weather Network (AgWeatherNet) seeks 
applicants for a permanent, 12-month, tenure-track faculty 
position, 40% Agricultural Research Center and 60% WSU, 
Extension in Agro-Meteorology. The position is located 
on the WSU Irrigated Agriculture Research and Extension 
Center (IAREC) Prosser, WA. This position isthe lead exten- 
sion specialist/rescarch scientist for the WSU AgWeatherNet 
Team. The successful candidate will be expected to provide 
leadership in the area of meteorology and its interaction with 
agriculture. The successful applicant will be expected to con- 
duct an approved program of research consistent with the 
mission of the Agricultural Research Center, Possible areas 
of research include interrelationships between weather and 
crop production, plant, insect and disease development, pest 
treatment modeling, soil water content, irrigation schedul- 
ing, soil erosion, soil fertility and plant nutrient movement, 
effect of wind pattems on pheromone concentration within 
an area, or water balance. The candidate's home department 
will be flexible to reflect the successful candidate's disei- 
pline (Biosystems Engineering, Crop and Soil Sciences, 
Entomology, Horticulture, Plant Pathology or other related 
department). A demonstrated ability to develop extension 
programming, conduct research, and disseminate the results 
in leading academic journals and extension type publications 
is essential. Superior written and verbal communication skills 
are critical. The ability to work collaboratively with a wide 
range of research scientists from different disciplines and 
with extension educators from agriculture is essential 


Required: Eamed Ph.D. at the time of hire in agricultural 
meteorology or related field, with documented experience 
in agricultural meteorology as it relates to agro-ecasystem, 
crop, insect, and/or disease modeling or forecasting, 


Desired: Record of publishing in peer-reviewed scientific 
journals, demonstrated outreach activities and interaction 
with client groups, record of successfll participation on mul- 
tidisciplinary teams, demonstrated ability to communicate 
effectively both orally and in writing, demonstrated ability to 
‘conduct publishable applied research and secure extramural 
funding. demonstrated ability to develop and work with other 
extension educators in conducting educational and field dem- 
onstration programs, and demonstrated ability in program, 
budget, and personnel management, Salary is competitive 
and commensurate with qualifications and experience. 


Application: Letter of application addressing qualifications 
for the position, a current curriculum vitae, official tran- 
scripts, and arrange for three letters of reference (direct from 
source), which explicitly address the qualifications. Send 
to: Dr. Gary Grove, Washington State University, 24106 
N Bunn Rd., Prosser, WA 99350-8694; grove@wsu.edu, 
509-786-9283 voice, 509-786-9370 FAX. Screening: 15 
January 2008. 


Washington State University is an Equal Opportunity/ 
Affirmative Action Educator and Employer. Women, 
ethnic minorities, Viemam-era or disabled veterans, 
persons of disability and/or persons age 40 and over 

are encouraged to apply. 
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SBE ANE / ASSOCIA a/ FOUL ENTERS 
(SYSTEMS PHYSIOLOGIST /TENURE TRACK) 
Department of Biological Scienees 

NG oe 
Fe peg lpm te 


POSITIONS OPEN 


‘The University of Georgia 


cau; iniet arhcaies Ge oman taee 
‘Fall Professor (systems physiology/tenure track) po 
sition, Required qualifications: 1&.D. or equivalent 
degree in biological sciences or a related field; post 
‘doctoral experience and a record of creative and sig 
nificant researdh in any area of eaperimental animal 
physiology (nonmammalian model systems peeferred) 
Responsibilities: develops vigorous, extramural 
funded research program; contebutes w undergrads 
ate and graduate teaching. We eneoarage applications 
from women and minorities, Salary an level wil be 
‘commensurate with experience. An offer of employ 
iment is contingent on a satisfactory pre-employment 
bbackground check. Application deadhine is November 
1, 2007, of until a candidate is selected. Send 
cluriculuin vitae (including e-mail address), statement 
fof research and teaching interests, three letters of 
‘recommendation, and reprints of key publications to: 
Systems Physiology Search Committee 

jartment of Biological Sciences 

202 Life Sciences Building 

Louisiana State University 

Reference: #024645 
Baton Rouge, LA 70803, 
LSU ta Equal Opportty ul Assen Empty, 


Clarkson University invites applications fr Fcuky 
positions in biochemisty and Blows! physic 
Grankson ors highly iterdsciplinary and cll 
tative eesieonment andthe succes candltes 
Sfould hve reearch interes complementary to and 
‘ompatite with fully in the Chematy or Physics 
‘Departments and alo ‘wih our emerging group in 
Uo/anomaeras.Sucenfl eandilaten a expert 
to dlp sg, ene, ermal fan 
Search programs. Applicant must have 2 docoral 
Ate aap el ag wth prt 
experience, They muse aso have a ontmtment 69 
{elchingat the Ph.D MS and unengraduate kv, 
Pease seni cumiuiues vitae, statements of research 
and teaching interes, ant ere eters from at 
ica te cnc tthe Send Cmte 

ir, Department Job 423-06) or 
Departmen of Physics Job 42-06), Clarkeon 
University, 8 Clarkson Avenue, Potsdam, NY 
136995810. Pee reference the jl numer te 
You letter. Revew of applications wil begin ine 
{inet ana cominue wl the postin are ied 
Preference wil be given Yor ‘canduatcr at the 
ASSISTANT PROFESSOR fev, 10 bog In the 
fal semcster of 2008, Clio Unie an Ep 
jprnty Afi ion Engle apes Jot 
ttn al nos we sey eee 


ASSISTANT PROFESSOR 
‘Kansas State University 
‘Molecular and Cellular Biology 

A tenure-track Assistant Professor position is 
available in the division of biology in, the general 
rea of molecular and cellular biology. "The success 
ful candidate will establish an outstanding, extra 
‘murally firndad research program and will al 
Contribute to graduate and undergraduate instruc 
tion to a diverse population, A Ph.D. or equivalent 
and postdoctoral training are required. The position 
includes 3 competitive Salary and stanup ska 

‘or more information go to Website: http://www. 
ksu.cdu/biology/bio, sews Aas ons 
Sed Caller Biology Seah Commince, Dision of 
Biology, 116 Ackert Hall, Kansas State University, 
‘Manhattan, KS 66506-4901. E-mail: rlem@ksu. 
ced. Review of applications will begin November 1, 
12007, and contine until the position i filled. KSU2 
‘an gual Oppnty/Afimatve Action Employer ad ively 
Seeks diy among i angles 
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FACULTY POSITION in 
PHARMACEUTICAL SCIENCES 

“The Depanment of Murmaceatical and Bio- 
medical Scences at the University of Georg, 
Athens, invites applications for a full-time, 
tenure-track faculty: position as ASSISTANT 
of ASSOCIATE PROFESSOR in the wea 
of pharmaceutical sciences (biopharmaceutics/ 

bopturmacuteal enpnccing or purmacy/ 
molecular disease targets). Applicants should 
possess a Ph.D. of Pharm.D./Pb.D. or eguiv 
lent degree with pharmaceutical sciences oF 
Pharmacology as the foci of their gralaate 
Slucation and research training. Execent com: 
‘tuumication skis and the abity to teach at both 
the PharmD. and PhD. levels are require. 
Each successful applicant is expected to have 
fort develop a dynamic, ewramrally funded 
research program in an area identified above. 
To be asiured of full consideration, applica 
tions should be received by January t, 2008, 
Interested quale applicants shoul! subenit 3 
exter of application, curnculum sitae, a research 
flan and’ three «onfidential letters of rece 
‘mendation to: ‘Chale, Search Committee 
(Job Code: A-AP/52334), Department of 
Pharmaccutical and Biomedical Sciences, 
RC. Wilson Pharmacy Building, University 
of Georgia, Athens, GA 30602-2352. Aj 
plicants may alo apply online 10 © 
sprsetci@rs. uz: Noe: Jo Code ma 
fe pented on curriculum vitae/appbcation for 
consideration. The Unienity of Cava & 
paul Employent Opportiaty/ABawasve Action 
Employer. Applications fom qualfiol women ant 
smi candaates are emarged 


DEPARTMENT of STRUCTURAL and 
(CELLULAR BIOLOGY FACULTY POSITION 
ractral and Cellar Biology 
ono ll quai candidates for 
waion [at the ASSISTANT. PROFESSOR. to 
PROFESSOR LEVEL) 2» the DIRECTOR st 
the medical nurondence couse, This india 
Sul re the medal qcurosiene couse and 
Sinica savy Condi a hae 
dn camed Doctorate (PRD. or MD). Prior 
‘tice in teahingof toil acuoncenc tlie 
‘Shen and experience in gum anatomy lsd 
‘esirables Extramural research. funding is ot 
required; however, candidates with extramural 
fined research progaine in cher cancer bolagy 
fr neunidence iw of purisdarixeret The Be 
ptment is underpoing enor expanssn, and apm 
Prote warp. fide will be provided akong, with 
Srcccer fakes and cvimsement. Appian sok 
sa oe er, ccm ayo 
{caching experinces sod phonic, appt, 4 
Simmary of recarch inerees and fate at Rando 
Hatory, and Kater of references to: Dr. Steven Mk 
Hill, Profesor and Chair, Deparement of Strvc 
tural and Celular Biology, SLA9, Talane Univer- 
Sky Health Sciences Center, School of Medicine, 
1430 Tulane Avenue, New Orleans, LA 70112 by 
November 1, 2007. Tia Unvensy « an Afra 
‘Aster! Cpprmnty Emp Wenn a eas 
ae meted 0 


The Division of Public Health Sciences of the Fred 
Hutchinson Cancer Research Center invites appli 
‘ations from laboratory bused sckntists with an inter 
‘ot in molecular Gagnentics, including burt not lnited 
toaspeas of prdanve medcine, early detecion, diag. 
‘nons, weatment response, and rk assessment 

Further information is aailalve at website: ep:// 


POSITIONS OPEN 


TENURE TRACK TOSTTION 
Eee 
ay eee 
scarey rd rating sea oe 
Ee 
Sea OUR Ge Set 
Sooiay pecorino 
pple plo ees 
ae eee ce nee eee, 
le epee el 
papel ag lool are oage 
pi pete tegen 
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Pasar pea ish 
brea pon ppp bales playa 
eee ra acre es oe 
crap er hecrenflryeratlyetents 
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ara 


ECOLOGICAL MODELER 
The Biology Department at Georgia Southern 
Univenity secks to fila tenure-track ficulty position 
fn the area of ecological modeling or landscape eco 
"The required qualifications tor this pentio 
cludes 4 Ph.D. in biological sciences, demonstrated 
tacellence in research, potential 10 ubtain external 
funding, ability to contribute to the Department's ce 
search sirengths, and a demonstrated commitment to 
cacellence in teaching and profewional service, Post 
doctoral experience and a research program i 
corporates geographic information system, global 
ostioning system, and remote sensing are preferred 
The starting date is August 1, 2008. The postmark 
deadline for receipt of applications is October 31 
2007. Information about the Department and fae 
‘ly, fll description of preferred and required qual 
ikation, and aptatign structions ca be ated 


at websites: eww. peorgiasouthern.ed 
Snd_ hetp:/ /cost.geor giasouthern,cdu /biolo, 
Finalists wall be required to submit to a background 


investigation, Gevqua Souten isan ape reeds sti 
Afimatve Acqua Oppectnty fiona Actos Ey 
Opportty Intiton, bndeidual ute med reason 
conmodaiens wader the ADA should omat the appa 
‘Scant Char, 


‘ston: CHIEF PROJECT SCIENTIST. Liv 
ing deca Fann, Wag DC 01 )3) 
fate Operating Foundation, nv 
www .li : foundation.org for full job de- 
Sa Saar by Rovers, a0? Se 
Re eapericncel PhD. with coral feet ecology 
teieadh dil and adatie ding erigason, US 
(itoen w carent US. rodent, Conace Exective 
Diner, cut: prenoudeti dation. 
(ong ekphone 301 S77 T2RE: 


aww sciencecareers.org 


Directorship of the 
Ras al Khaimah Centre for Advanced Materials 


‘The new Ras al Khaimah Centre for Advanced Materials (RAK-CAM) will be established in the United Arab Emirates in Fall 2007 under the Patronage of His 
Highness Sheik Saud bin Sage al Qasim. The centre wil fll multiple ambitious cokes for the Emirate: 
1 become. flagship for advanced materials research ia the Middle Eas. 
i provide educational and training opportunities for aspiring scientists and engineers from the Emirate and the region as a whole. 
iii carry out research in support of local industries 
iv spawn new business opportunities in the form of start-up companies 
¥ _eeate new options to ensure enerey security and sustainable development in Ras al Khaimah 
‘The scope of RAK-CAM will embrace interdiscipinary matcrals scicace in the broadest sense, from structural matcrals to advanced electronic materials and 
biomaterials, Inthe first instance, RAK-CAM will comprise a Dircctor, an Associate Director, 8 research scientists, and several visting professors, These will 
oried by a permanent technical and administrative staff as well as short-term (3 year) post-doctoral researchers and graduate students, Astae-of-the-art, 
building is curently being designed, and construction is expected to commence in late 2007. The rescarch topics pursued in the Centre will include 
the following areas 
Advanced structural materials, ceramics and composites 
Polymeric materials (including plastic and molecular electronics) 
Torganic matcrials, © g minerals and novel synthetic inorganics 
Electronic materials, ¢g. compound semiconductors, sold state lighting 
[Nanomaterials for diverse applications 
Biomaterials, c.g. materials for biofuel technologies 
Materials for solar energy applications 
Energy storage systems, including rechargeable ballerics and supercapaciton. 
Materials for env ronmental remediation and hydrocarbon processing c.g. catalysis and separations 
Mattias for water purification and conservation technologies 
RAK-CAM is secking a Director with a distinguished track record in the broad materials scienoe area in either academia, industry ora national laboratory. 
He will also have extensive experience in administration and leadership. The specific duties of the Director will include playing a central roe in recruiting 
the research staff for RAK-CAM, selecting and purchasing appropriate cquipecat forthe laboratories, and running an active research program. Ascarch 
‘committee comprising Anthony K. Cheetham, Director of the International Center for Materials Research at UC Santa Barbara (Chait), Mildred Dresselhaus, 
Professor a the Massachusetts Institute of Technology, Richard H. Friend, Professor of Physics at the University of Cambridge, Michact L.. Klein, Director 
of the Laboratory for Research on the Structure of Materials atthe University of Pennsylvania, C-N.R. Rao, Linus Pauling Professor atthe Jawaharlal Centre 
for Adanced Sciemific Research in Bangalore, and the Hon. Peter Watson, will select the Director. 
‘The Director will woeive an internationally competitive salary, ta\-frec, and a comprehensive benefits package including accommodation, health coverage, an 
‘educational allowance for dependents cc, Further particulars can be obtained from info@rakcamorg. Applications, compdsing a full resume, list of 
publications a 3-page research proposal, and the names and addresses of 3 referees, should Be sent electronically to SearehCommitee@ rakeam.org, The 
‘closing date for applications will be October 15,2007, and short-listed candidates will be called for interview in. November or December 2007, The posit 
Will be avilable from January 2008 onwards, 


Center for Cell Dynamics Faculty Position in Chemical Biology 


Johns Hopkins University The Life Sciences Institute (LSI) at the University of Michigan 


invites applications for a position atthe rank of Assistant or Ass0- 
‘The Institute for Basic Biomedical Sciences at The JHU | |} ciate Professor inthe field of chemical biology. Chemical biology 
School of Medicine has initiated « major initiative to recruit new Sr omly setae isd Nie Seco 1 Spe me 2, ee teTNa 
methods to address an important biological question, 

faculty and create eross-diseiplinary and highly interactive 

research centers. The LSI is a sicntic enerprise a the University of Michigan 
dedicated to opening new scientific paths by blending diverse 
‘The Center for Cell Dynamics focuses on the analysis of | f Sctkaed io openias mew exten pate by Ol piel apace 
spatially and temporally regulated molecular events in living | |} (wwwlsiumich edu). The LSI is currently home to 26 interactive 
cells, tissues and organisms. Research within the center | |} Scully inthe areas of cell biology, genetics, bioinformatics, struc- 
focuses on a variety of essential cellular behaviors including Seatehey daeing el Sony, 

cytokinesis, cell motility, and neural plasticity. ‘The Center | }} Candidates are expected to develop an intemationally recognized 
cuts across traditional departmental boundaries with the | ff Psram of scholarly research and to excel in teaching at under- 
common goal of monitoring dynamic biochemical reactions 1 tape case et oc ee Nod oa 


filled but preference will be given to applicants who have submitted 
in real time with the highest possible spatial resolution. The all requested materials prior to October 15, 2007. Applicants should 


Center is reruting faculty who will develop and apply new | |] send the flowing (n PDE format) a cricum vit, copies 
eats sheath arco Rien ‘of up to three reprints, a one- to two-page summary of researc 
xperimental approaches in a collaborative, interactive, and Fidel peeing Set nntap deoeemntrerie 
interdisciplinary environment. Faculty will reside in new | |] {0 wichembio umich.edu, 
laboratories in the Basic Science research complex and hier eae 
receive primary appointments in existing Departments 


The Universo of Michigan is supportive of the needs of dual 
within the School of Medicine Rae Nanna oie 


Applicants should submit an application by January 15, 2008 via email 
(BBScenters@jhmi.edu), Include a CV, research plan, names of three 
references und up to three publications (all in pdf format). Indicate CCD in the 
subject line 


The lols Hopkins University is commited to cversity andequalitin ecation lifesciences institute 


«and enpleyment and encourages applicants frm underrepresented groups 
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POSITIONS OPEN 


INORGANIC FACULTY POSITION 
University of Califomia, Los Angeles 
(UCLA) 

The Department of Chemistry and Biochemistry of 
the University of California, Los Angeles, invites ap 
plications fora ficulty postion in inorganic chemistry 
at the ASSISTANT, ASSOCIATE, or FULL 
PROFESSOR rank, We are seeking a camidate who 
will establish a vigorous and innovative research peo 
‘gram. Depending on the level, candidates must give 
evidence Of potential or demonstrated distinction in 
Sscholanhip ad teaching. Applications should inchude 
curriculum \itac, a statement of research accomplish 
iments and propesed research plans (not exceeding 
four pages), and reprints of representative publications 
Applicants at the Asistane Professor kv abo 
arrange for three leters of recommendation to be 
‘mailed to the adress below, To assure annsiderstion, 
all application materials and letters should be received 
bby November 2, 2007, and dirested to: 

Chair 
Inorganic Search Committee 
Department of Chemistry and Biochemistry 
‘University of California, Los Angeles 
P.O, Box 951569 
Los Angeles, CA 90095-1569 
Fax: 310-206-8010 

UCLA i am Equal Opportmity/Afiomative 

Employer, Women al miaseties ate ensunyed 9 apy 


FACULTY POSITION io MOLECULAR, 
CELLULAR, and DEVELOPMENTAL BIOLOGY 
University of Colorado at Boulder 

‘he Department of Moleaiar, Cellular, and Deve 
‘opmental Hiology invites applications for 4 tenure 
thick ASSISTANT PROPESSOR in the arcs of 

fe advent ology, Sl 
rust have a PhD 


‘enthusiasm for teaching at 
er raduate aout graduate level 

‘Applicants should submit curriculum vitae and a 
‘concise satement of research and teaching interests, 
and arrange to have three reference letters sent to: 
‘Molecular, Cellular, and Developmental Biology 

Faculty Search Committee 
Department of Molecular, Cellular, and 


Developmental Bi 
University of Colorado at Boulder 
347 UCB 


Boulder, CO 80309-0347 

Review of applications will begin December 1 
2007. Applications will be aecepted until the po 
sition i led, SC wcte:p/ forado. 
eduy/ArtsSciences/Jobs/ for full job description. The 
Cert of Colds ot Bovltr& cima 0 dees and 
‘quality bv alae and ans 


ASSISTANT PROFESSOR, NEUROBIOL: 
OGY. ‘Tenure-track positon starting fll 2008. Ph.D, 
expertise in invertebrate or nonmammalian sjstems, 
land application of cellular/emclecular techniques re 
“quired. Must demorstrate apie for teaching under 
lEraduates, Postdoctoral experience preferred. 

Will teach courses in neurobiology, introductory 
biology, the University’s iberal ars core curiaukans, 
and fintyear progam. Participation in interdict 
plinary Cognitive Neuroscience Progesm available 
Academic advisement, continued profesional develop 
‘ment, and scholarly xxii expected. Send curricule 
Vitae, all graduate transcripts, statement of teaching 
philowphy and research interest, documentation of 
teaching ability, and three current letters of reco 
mendation to: Dr. Gloria Colusso, Biology De- 
partment, Eastern Connecticut State University, 
Willimantic, CT 06226. 

Search will continue until postion is filed. ECSU 
is Afiomaive Aton/ Equal Opportnity Epler: 


1976 
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POSITIONS OPEN 


CAL POLY 


SAN LUIS OBISPO, CALIFORNIA 93407 
ANIMAL/SYSTEMS PHYSIOLOGIST. ‘The 
jological Sciences Department within the College 

of Scicnce and Mathematics 3t California Paseechnie 

Seate University issecking a fulltime, academic year, 

tenure track Animal Physiologist at the ASSISTANT. 

PROFESSOR rank beginning September 2008, 

“Teaching responsibilities may include gencral/cella 

lar phystology as well as Vertebrate human anatomy 

and physiology at the undergraduate and graduate 
level and other undergraduate and graduate courses 

2 appropriate w background and waiting. The post 

{ton b open to all specialties; desirable research areas 

include erviconmental physiology, neurebiclogy, ad 

systems physiology 
‘The suevessfal candidate must have 2 strong com 
sriument to undergraduate and graduate teach 

‘curriculum development, and implementation of a 

student-centered research program. Ph.D. in related 

Fld required at time of iting. Postdoctoral research, 

for teaching espericace preferred, Salary is commen 

strate with quabeatiens and expen 
To apply, vit website: 


exp comptes pital ol ty appt 
requisition #101413; attach your eurricdum 
Ninn, statement of losophy, statement af 


aching pl 
Professional goals, | PDF fle of arecent publicatio 
‘Se submitted manuscript, and unoial anserip 
(Of graduate manips wil be equ for 
appointment.) Arrange t have three letcrs of rec 
‘Ommendation sent to: Dr. Michael Yoshimura, 
Chair, Biological Sciences Department, Califor” 
nia Polytechnic State University, San Luis Obi 
CA 93407-9401, Review of apiicatins vill 
gin October 28, 2007. Applications received after 
this date may be considered. For questions, contact 
the Biological Sciences Department at telephone: 
805-756-5242. Cal Pulp is soil cownated 1 ant 
cccellewethgh cova dueray. The Caienity atively en 
‘mages apa womeatoa of al qnbfid ideas 
gal Employment Oppornty. 


‘The UNIVERSITY of TEXAS 

SOUTHWESTERN MEDICAL CENTER 

ASSISTANT PROFESSORS. ‘The Department 
‘of Physiology invites outstanding scientists. with 
TD, MD. oe equivalent degree to appl for 
tenuré track Auistant Profewwe potions. Candnates 
Who se innovative optical, mechanical, electrical, 
thokcdar biological, or computational methods with 
important sppbeations to phyaolagca stems, an 
ing rom inivaual gencs and proteins to cell and 

ans ac encourage to apply, However, the sce 
fe excellence of the candalats is more important 
than the spectc area of research 

Thee postions ae pur ofthe consiraing growth of 
the Depirtment at one of the ccuntrys leading 
Sscademic medical center aed will be supported by 
Signfica Lloraory space on our new cams, com 
[ettive abvis, and exepeional startup packages The 
Univenity of Texas (UT) Southwestern Medial 
Genter the sientiic home to four Nobel Prize 
Lester, 17 member of the National Academy of 
SSenees, and 19 members a dhe Insieate of Mei 
ne. UT Sowhwesem conduct mare than 3500 
roearch projects annually teal tire than $350 
rion. 

Applicants should submit curiculum wits, bri 
statement of research plans, and arrange to have 
ihe lees of eles sot cs Jamey Seal 

-D., ¢/0 Gena MeElyea, Department of Phys” 
jology, ‘The Univenity of Texas Southwestera 

‘Center, 5323 Harry Hines Boulevard, 
Dallas, TX 75390-9040. UT Sorlnesom sine 
onomager ppl: fm women, mints, and ppl 
sith plead hdl An Eu Operant Egle 


FACULTY POSITION in FUNCTIONAL, 
GENOMICS/SYSTEMS BIOLOGY 

As part of a major hiring initiative in genomics 
and apt boo, th Depart of Halon a 
the University of Rochester (website: hetp:// 
swww.rochester.edu/College/BIO) is recruiting 3 
tenure track ficulty member at any level with exper 
tise in fianctional genomics and/or systems biology. 

“The success candidate will address mechanistic 
problems in biology with 2 genomics or systems 
evel perspective. All qualified candidates are wel 
come to apply; candidates working in the areas of 
cell or developmental biology and structural, fane 
tional, or computational genomics are particulary 
encouraged, 

‘Candidates with a strong record 
ment should subeit curriculum vita 
research interets/plans, PDEs of two publications, 


and arrange to have thece letters of recommendation, 
Sent to e-mail: rochester. 
lease indicate that the application fs intended for 


position number one, Review of applications will 
Start October 15, 2007. 

The Unveoity of Rodiester & a Equal Opyormnity 
Enmpoyer, has a seg commun ts dieoity and acody 
coving appvcatons on candidates fon groups 
spree hile abt 


FACULIY POSITION in EVOLUTIONARY/ 
‘COMPARATIVE GENOMICS 
ASSISTANI/ASSOCIATE PROFESSOR «f BIOLOGY 

‘The Department of Biology at the Univeriy of 
Rochester invites aplications for a tenure-track 
faculty position in evolutionary/comparative 
genomics. This is one of four new faculy positions 
fm genomics to be filed this year_as part of an 

rental, Initiative in Genomics 
logy. ‘The successful candidate will 
benefit from the Department's strengths in evolu: 
tionary genetics, a multiisciphinary research com 
‘munity, and state-of the-art infrastructure and core 
facilities at the University of Rochester 

‘Candidates with a strong record of accomplish: 
ment should submit curriculum vitae, statement 
research interests /plans, PDFs of two publica 
tions, and arrange to have three letters of re 

vmmendation sent 10 e-mail: gensys@lrochester, 
tale, Peat indlewe tha be apelentonts etcadad 
Tor ponition number two. Review of applications 
will art October 18, 2007, The Uinndty Raves 
1 an Equal Oppontnity Employer, tas 4 trong come 
Imiament 10 diversity and actively encourages ape 
From candidates from groups wndereprsented tw higher 
‘elication 


Minnesota State University, Mankato, seeks an ener 
etic and dynamic leader forthe position of DEAN, 
COLLEGE of SCIENCE, ENGINEERING and 


provides vision and 
the College and reports directly to the Provost ard 
Vice Presilent for Academic Affairs, The Dean iste 
spose for academic and amin planning: 
hal oxerces ton departments and fixe appa reser 

fentens program reviews and extemal accreditations; 
budgeting; administration of collective bargaining 
agreement; implementation of college and university 
prlicies; promoting, developing and encouraging 
Siversity and AGirmative Action initiatives; recruit 


‘ins andra a ra ates pan 
ine oping tera; ube and private 
ferips and, ewenceing ll equipment sh Babes 
Seipned to or owned by the Callge 

‘orgy consideration wil be given to complete 
agpliations mccved by Odober 13,.2007. 11 
jest eins fly 1, 2008, or as soon terete a 
Pome 

or a catiplete deicipcion and apoticaton tf 
mation wat websiteitpi//wewannea.edi/ 
{mumanres/employment 


www sciencecareers.org 


Postdoctoral Fellowship Opportunities at the Santa Fe Institute 


“The Santa Fe nstiue (SF) is selectively seeking applications for Postdoc: 
{trl Fellows or appements beggining fal 

Flows are appointed for up to theee years dunng whieh ey pursue re- 
Search questons of their oun design and are encouraged b vanscerd 
‘Seopnay nes. Sle unique srucure and resources erable Fetows 
Callaberate wth members of ine SF facly. her Felows and researchers 
{rem aound the wad 

{As he leader in mutscipinary research, SFI has no fora programs or 
eparments, and we aceopl appli Fom any fis Reseorth tonics 
Span the ful range of natural and soil acences and often make connec 
iérawih tne humanities. Most research at Fis theoretel anor comps 
tntonaln nature ough some research incudes an empl component 
Inetlaboraton wih omer inettusons 

Descriptions of the research femes and nicest of he faculty and cunt 
Font can be found at hip run saris edu Yese rch 


BENEFITS: The compensation package incudes a competitve salary and 
excallent heath and retirement benefits. As ul parcpants # fhe SFI com- 
‘munity Fellows are encouraged to vile speakers. organize workshops and 
‘Woeking groups and engage n research cutside thes feld. Funds are avai 
‘ble fo support this fullrange of research actvtes. 


REQUIREMENTS: SF1 is known for its calaySc research environment and 
applicants must demonstrate the potential to contribute 1 fs community 
Candidates must have & PhD. (or expect to receive one by September 
2008), an exemplary academic record, and a proven ably fo work ndepen- 
‘deny. We expecta demonstrated interestin multicaciplinary research and 
fvidence ofthe abil To think outside raditonal pacacsgms 

‘Applications are welcome from candidates in any country. Successid for 
f91gn applicants must acquire an acceptable visa (usualy a J-1) a8 a cond 
tion of employment. Women and minorities are especialy encouraged to 
apply. 

TO APPLY: Please view the ful position announcement and application 
Instructions at hip www santate.eduppostdocapp08. For full consiaeation 
please submitall appicalion ralerals, net totes of recommen 
{dabon, electronically (peterred) or vi post by November 15, 2007 


For futher information, ¢-mat postdocinto@santate.edu 
‘SFT on equal opportunity employer. 


Tenure Track 
Faculty Positions in 


Developmental Biology 


Sloan-Kettering Institute, Memorial Slaan-Kettering Cancer Center 
invites applications for junior tenure-track faculty positions in the 
Program in Developmental Biology. Successful candidates will carry 
cout independent research programs addressing problems in any 


spect of Developmental Biology. Topics of particular interest 
include stem cell biology, gametogenesis and isms 
in development. SloanrRedtering Ins tive 
wg research environment with ne 

New faculty wil 

be eligible to hold graduate school appaintments in the Getsncr 


dical Sciences, the Weill 
HI University, as well. 


Sloan-Kettering Graduate School of Bion 
Graduate School of Medical Sciences of Co 


as the Tri-instiutional MD/PhD raining Progras 
Candidates should email their application in PDF format 1: 
devbiofmakee.ong by November 1, 2007. The application should 
include a Curricukim Vitae, a description of past research, 
of proposed research, and copies of three representative 
Candidates should arrange to have three letters of 


Telerence sent by email tr devbio@emakee.org and by regular mail 
Developmental Biology Search, e7@ Nic Tiffany Lennon, Memorial 
Sloan-Kettering Cancer Center, 1275 York Avenue, Box 135, New 

New York 10065. ‘The leuers shoul arrive by Nevember 1 


isies may be sent to Ms. Lennon at devbiogmske 
m Armlenon, Cialt, Declopmenal Babi Prag 


wiunte. Memorial SloatrKettering Cancer Center 
qual Opportaniy Employer 
{4 \ Memorial Sloan-Kettering Cancer Center 


STMARYS 
Wr OUNIVERSITY 


Fostering Academic Excellence And Spiritual Growth 


ASSISTANT PROFESSOR OF BIOLOGICAL SCIENCES 


SJ. Mays Uniersy of Sin Anti ayrhate Cithoke uivenky nites appetions ke a 
‘dle ture Klay pation athe Deparment of Bckogea Ss been 

‘Arg, 2007. We ae selena cents with experte fan are cf Bccgy thal wil 
‘ompkment the curent rng of the depart. Candis with expec 

Fk ofthe Me scjenres are encourage 9 apphy mpc there with tiring and 
expertise the amsn of developrntl beg. erbxydny ance rks sr gen 
The friar resperies of ths penton wil be tachry boo cures th asec. 
fed aborty per semester These cares wil inlke track bce el 3 
‘oun to be ceelope by the candela in Heer area speci. We teaching 
the rary tirction ofthe potion, earch expecially ivching undergrad, 
expected of the areal candete. The presence dan active bomediel research 
"nari in the San Anka ama ponies the opptury toeathe cbenthe 
‘seach projets mun fekh. A Ph.D in boy ca rebated pie eed, 
nul patdcoral experience per. Found in 1852 and operate byte Sciety 
Mary St Marys Univenity ia Hipnic- serving inion with a prxen story of 
Preparing underaduate scence auakents or carers i heath prfesions and 


reseach For et he ey ie wma 


mc the chia to call 210-43663 
Sua vah pels ne Peceyntel ysaarg lect Maite! 


Spica ane wel: mine and women a enearaged app. Appiearts 
ould submit eter of appieaton deta inket inthe penta are a deeper 
teaching atl prfesienad devebpmert soak, a curbed ise, copies of gpathate 
framers thee mal akon and telephone rubs of ere and hve the 
tes ol ncemmeneiti sent 

De. Colleen J. Nolan, Chair, Department of Biological Sciences, St. Mary's 
University, One Camino ‘Santa Maria, San Antonio, TX, 76228-8511 
Electronic submission of applications is encouraged: however, incomplete 
applications may not be considered. Review of applicatons will begin 
November 2, 2007, and will continve until a suitable candidate ientiied. 


St Mary’ University an Equal Opportunity Employer 


iy TEMPLE 


[8 UNIVERSITY* 


Faculty Positions in Ecology/ 
Environmental Biology 


The Department of Biology at Temple University is 
‘expanding its faculty and anticipates adding several new 
faculty members in the next year. Applications for tenure- 
track faculty positions at all levels in the general field of 
Ecology and Environmental Biology are invited. Successful 
candidates should have a strong publication record and 
‘an innovative research program with level-appropriate 
external funding. Contribution to teaching at both the 
undergraduate and graduate levels is expected 


Applicants for junior positions with a Ph.O. and 
postdoctoral experience should send curriculum vitae, a 
description of research interests, a statement of teaching 
philosophy, and three letters of reference to: Dr. Robert 
‘Sanders, Search Committee Chair, Department of Biology, 
‘Temple University, 1900 N. 12th St, Philadelphia, PA 
19122. Senior applicants should provide curriculum vitae 
and the names and contact information for references. 
Review of applications will begin October 15, 2007. Temple 
University is an equal opportunity, equal access, 
affirmative action employer committed to achieving a 
diverse community. AA, EOE, nv/t/d. J 


areers 


i 


POSITIONS OPEN 


‘ASSISTANT/ASSOCIATE PROFESSOR 
Department of Bochemistry and Molecular Biology 
‘State University of New York 
Upseate Medical University 

We seek applications to Sill ane oF 140 tenure 
track pontions at ether the ASSISTANT or AS- 
SOCIATE PROFESSOR levels from individuals 
studing findamental molecule procencs in cus 
Otic organs We encourage appbeatiors in structural 
biology, genomics, membrane biology, and teoin 
formatks, The successful applicants wil be expected 
to develop wel funded research proggams and t0 ae 
tribute wo medial and graduate teaching. We offer a 
highly competitive startup package and salary. Far 
ther information abour the Department can be found 


at website: teed biochem. 
Canta nA ae sear ee pnt 


doctoral ewerience, and strong. pulvication record 
Applicants should e-mail a PDF fle amtaining cur 
riulum vitae, a summary of research accomplish 
‘ments, and future research plans to e-mail: biodiem@® 
lupstate.edu. In addition, three leters of wierence 
Sadi be tall deci ww Dee Barry E. Kos, 
Search Committee Chair, Department of Bio 
chemistry and Molecular Biology, 750 East Adams 
‘Street, Syracuse, NY 13210. 

Review of applications will begin on November 1, 
2007, anu! continue until the pensions are filled. 1H 
‘nan miaories re Why ewe apply. Upp Mee 
aul Unversity ian Higa Opponty/Aimasioe Acie 
imple 


UNIVERSITY of FLORIDA 
FACULTY POSITION in CHEMISTRY 
The Department of Chemistry at the University of 
Plorida announces a search for 3 tenure-track facuby 
‘member, at the level of ASSISTANT PROPES- 
SOR, to begin in fill 2008. Candidates with re 


se mrt nthe general ae of chem 
df bsinongnic tnd metobuchemiary wil be a 


Speci interes, Im addition wo contribiring to the 
‘each, teaching, an sere msions ofthe De 
partment of Chom the scl cate wi 

ave numrous opti for campus wide ner 
aslo with faci the College Liberal Arts 
ind Sconces, Medicine and Engineering, and other 


Fiekd Laboratory. Applicants 
should submit curriculum vitae, brie descriptions 
theie research plans, their graduate undergraduate 
teaching interests, abd arrange to have three letters 

recommendation sent on tbeie behalf to the: Fac 
ulty Search Committee, ‘of Chemistry, 
P.O. Box 117200, University of Florida, Gaines. 
ville, FL 32611-7200 on or before October 19, 2007, 
The Unionsty of Flv i am Equal Opportmty Employer 

wees mination and apliaons fw toon and 
init gy cal 


CALIFORNIA INSTITUTE of TECHNOLOGY 

‘Genetics of Neural Systems and Behavior 

We insite applications for a tenure tack ASSIST: 

ANT PROFESSOR appointment in the Dison of 
Bolo te Cala fae fein 
We ate scching hi fil candnates who are 
Committed to carer in esearch and teaching. The 
Splicne should conduct rxcarch at te nterice of 
‘molecular logy and sytem neurone amcd 
Srundersunding neural Gresks and the conse 
isha, We encourage spplcatins from individ 
sh who may, but need not, work on conventions! 
fence model onganiss, ether vencbrate or in 
Nercbrate. Appointment is contingent upon com 
plaion of PLD. 

ease submit online 3 


ication at website: 


cant publications and 3 description of proposed 
‘sear, Insructions wil be gc foe submieons 
‘Fetters of erence when You apply online. The 
Calf nai of Testo Ego! Opporenty 
ABroton Aetis Emplope, Wonts; oni, vamos 
Sod dhe pans noone ply. 


1978 
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POSITIONS OPEN 


#3 Washington University in St Louis, 


‘SCHOOL OF MEDICINE 


FACULTY POSITION in DEPARTMENT of 
‘CELL BIOLOGY and PHYSIOLOGY 
“Molecular Oncology Program 

he Department of Cell Biology and Physiology 
at Washington Univensay School af Medicine invites 
applications for a tenure-track appointment at the 
Fink of ASSISTANT PROFESSOR. The suc 
‘cesfil candidate will join the Molecular Oncology 
Program, a joint program between the Departments 
of Cell Bidlogy and Internal Medicine at Washing. 
ton Univenity School of Medicine. The Molecular 
Oncology Program is comprised of a vibrant group, 
of interactive investigators suadying cell jcle con 
trol, checkpoint control, cell death, G-protein 
signaling, telomere biology, HIV pathogenesis, 
metastasis, oncogenes, and’ tumor suppressors. 
Oursanding individuals investigating fundamental 
problems im molecular oncology are encouraged 1 
hpply, Candidates must demonstrate the alslty 
develop an independent rescarch program and a 
‘commitment to excellence in. graduate education 
Applicants must have a Ph.D. and/or MLD. and 
pontdoctoral experience. Please send. curriculums 
Vitae, a summary of current and proposed research 
Programs, and arrange for three letters of recom 
mmendation to be sent to: 
Drs Heke Piwnica- Worms and Kendall), Blumer, 


Cell Biology and Physogy Search Commitce 
‘Washington University ‘of Medicine 
(660 South Euclid Avenue - Campus Box 8228 


Se. Louis, MO 63110 
E-mail: facultysearch @celibiology.wustledu 
ications should be received by February 1, 
2008. Wahingon Unieniy i cammined ¥ sascasing 
iaprsarttion of women and members of mst soup ct 
facuy and parutarly encourages apphcations fro sch 
‘anbsees 


UNIVERSITY of SOUTHERN CALIFORNIA 
Phiysical Chemistry 
The Department of Chemtry at the Univenity of 
Southern California taves applicants for a tease 
track pasion la physical chonlany, athe level of 
ASSISTANT or ASSOCIATE PROFESSOR, to 
tart in ill 2008, Candidates should have a Ph.D, aa 
fotdoaenl exeence, We ae lncrcaat in cand 
Sites in all afeas of contemporary experimental 
physical chemistry, Interested candates should sera 
Deover lever, curdculum vita, and a dead de 


fone eae oe 
Sa ere eas 
pe th 
Specie ee oes 
Et 
wena eer eee 
ieee 


UNIVERSITY of CALIFORNIA, 
SANTA CRUZ 

‘The Department of Fath and Planetary Sciences 
(EPS) seeks applicants for a TENURE-TRACK 
POSITION in gcology. Position available: fll 
2008. Open uti filled. For full consideration, 
pplication must be poimarked by Devenir 
1007. For fall details, sce cir website: 
arew ceucscada/sbou/\e/adextand: ees | Aap 
Yo postion #357 08, or contact Judy Van Leuven 


(eee eopeectaiccmes caameen Soe 
fos weet. 
panne ta Le se 


POSITIONS OPEN 


ASSISTANT PROFESSOR 
Georgetown University Medical School 

‘The Department of Biochemistry and Molecular 
and Cellular Biology invites applications for an 
Assisant Profesor postion (tenure track) in the fick 
of proteomics data mining, ‘The successl applicant 
‘Should have a Ph.D. and pentdoctoral traning in com: 
pater science and liainformatics, extensive experience 
fh algorithm development for the anahais of mas 
spectrometry data, and should have a strong publi 
Gaion record in computer based analysis of lange sale 
peoccomics data bass 

‘he successful candidate ix expected to esta 
an active, extramurallyfianded research peogram that 
fnvolves mentoring graduate students and to patie 
ipate in the teaching of graduate and postgraduate 
slasses in the Medical Center, 

Please scnd curriculum vitae and a description of 
research interests along with the names of three in 
dividuals that can be contacted or letters of ref 
ference sent to: Proteomics Search Committec, 
Department of Biochemistry and Molecular and 
Cellular Biology, Basic Science Building, Room 
337, Georgetown University Medical School, 3900 
Reservoir Road, N.W., Washington, DC 20057. 

‘Applications should’ be received no later than 
November I, 2007. 

Govgctaen Univenity Maes! Comer ban Equal Ope 
potty and Equal Ase Tuin, 


ee ee 
ee Se 
Pe rapect ang pleen porn Mire 
Sun Siermien Sees ets 
a aera ee org me 
ba eg peg 
peer eae 
ie Ed 
ee eens 
eedee ee re fa coed oe 
Bias cheaters mela 
cot pales core sens 
pal era alent pare 
peep ecard 
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ee eee 
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Ce ee 
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ASSISTANT PROFESSOR, PLANT BIOLOGY 

The Department of Biological Sciences, Califia 
State Univeraty, Los Anges, sce to fil terre 
track postion sn plant ology bepining fal 2008 
A'PhD. in biology, boranyy or reaed ek i re 
Gquied, with aninsnum of One year af pondtora 
Srpercoce prefered. The candidate is expected to 
teach underpathate and graduate cour, pantcipoe 
in program development, and exablsh an extemal 
Saniel recarch progres tnclving uoderpatats 
ted Masters nade The ean abo expected 
to participate in Universi” serie, and provi 
Salemi advisement o matt, Submit ccc 
Mitac, research plans, statement of teaching. phi 
ican hee ef en Search 

mmmittee Chair - Plant Biologist, Department 
of Biological Sciences, California State Univer- 

Siy, Low Angels, S151 State University Drive, Las 

Anges, CA 90032 (email dan 
qatuctiay, Revcw of paableed appicaions 
Siege Novceaber 1, 2007, ae oy contained 
positon i filed EO/Tak INVADA Exper Quali 
set ae elit etre i spt 


aww. sciencecareers.org 


PICTURE YOURSELF AS A 
AAAS SCIENCE & TECHNOLOGY 
POLICY FELLOW! 


‘Advance your career and serve society by plugging the power 
of science into public policy. Year-long Science & Technology 
Policy Fellowships offer opportunities in six thematic areas: 
Congressional * Diplomacy + Energy, Environment, Agriculture 
& Natural Resources * Global Stewardship * Health, Education 
& Human Services + National Defense & Global Security. 


Enhancing Public Policy, 


Work in Dynamic Washington, D.C. 
Advancing Science Careers 


Since 1973, AAAS Fellows have been applying their 
expertise to federal decision-making processes that 
affect people in the U.S. and around the world. Krista Donaldson, PhD 
Assignments are available in the U.S. Congress and 


executive branch agencies. Stanford Un 

' 2004-2005 AAAS Fell 
Join the Network, \ the U.S. De 
Applicants must hold a PhD or equivalent doctoral-level setback 
degree in any physical, biological, medical/health, or nomic Section. 
social/behavioral science, or any engineering discipline. 


Individuals with a master’s degree in engineering and 
three years of post-degree professional experience also 
may apply. Federal employees are not eligible and U.S. 
citizenship is required. 


Learn More. 

The application deadline for the 2008-2009 fellowships 
is 20 December 2007. Fellowships are awarded in the 
‘spring and begin in September. Stipends range from 
$67,000 to $87,000. 


AAAS partners with 30 scientific societies that also sponsor 
congressional and executive branch fellowships. Visit our 
Web site for more details. fellowships.aaas.org 


MVAAAS 
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POSITIONS OPEN 


TWO ASSISTANT PROFESSOR POSITIONS 
‘CONSERVATION BIOLOGIST and 
VIROLOGIST 

The Deparment of Biology and Marie Biology 
at the Unterty of North Carolina, Wirngion 8 
‘hes application for two tne eck pou sta 
Ig Att 2008, 

‘Conservation logs: Candas in any sub 
discipline of contervation biogy are enceaged to 
pty 

Virclogst: Candidates in any area of virology are 
noua howe th scl 
‘ite wil teach cotnes inthe area of experts, is 
‘ninology, or another heath cared coune. 

Dut ie both potions include undraduate 
ana gralute teach, and maintaining an sve 
‘arch program that voles both graduate ad un 
dlergraduate stalents, The Departs rss BA 
in logy, BS. and'M.S- degree in Rey aod ts 
thasine cig and a PhD. tr marine logy: Mod 
fm lboraones sn dese core fais arable 
inthe Depantmcat ad athe Cenc for Marine Scene 
(websicess he io and 
rt 


cust experi. To py, 
mpl the online sppbeaion sakale a webs 
ie /epescsncrce. The api pk 
Feit ear Sete of ers een 
ie statement often and cach interest cu 
Aula sta, and contact infomation for thee 
rence, MLS’ Word and Adube PDE douse 
the pede prs for atch 


wlikj@unew.edu or tele 

ra37A an he Chea ihe Veco 
De. Ronald Sizemore (email: szemorer#unew.ed 
‘or telephone: 910-962-2804). Tor qustions about 
the online application proces, contact Ms. Trade 
Chadwick (email: chadwick@uncwedu oe tle- 
hone: 910-962-3836). Appear rev Wl begin 
Nenember 9, 2007. Ukr Nr Cavin lay, spss 
sin laed muta 2 ood pene sen at 
tule publ ose. UNCHV sds al algrd 
‘thao es oc fos f emp. The Duomo 
‘ella panting deny oct 

‘Wigton i Du. Opporinity/ABiraoe 
aon Fimpoyrs Women and mina we onged 
or 


Search is 


BIOLOGIST/POPULATION GENETICIST 
Hllladsle College, 3 selective and independent ib 
eral ats cee oF 1,200 stadens i south ented 
Michigan, it seeking’ broadly tained Bodog 
Populiion Genetics. The nieces cand for 
{hk tenuresteack positon, at the ASSISTANT 
PROFESSOR rath, must demonstrate fective 
ses an eacing of unratn s o 
Inteetuctory nonmsjors to upper level blogy: ma 
jor, as wel as an abit to supervise wdergraduate 
fenicr tess research, Teaching experince equed, 
PRD. expects, and pendctral caperence Se 
Si. Alina ragurs and poxiton despa 
in be foun a the Department webte he 
Sry illdale ed academe, Ey 
Ee oF appistons wl on Nove 


2007. Starting date is August 2008, For addition 
Al information contact Dr. Brancis X. Steiner by 
fe 


telephone: 517-607-2399 or via em: 
hillsdale/edu. 
SI HLSS Lalitiagacimits ef tcahing 


lesophy and research interests, three ketters of Rec 
fommendation, and teanseripts to: De. Prancis X. 
Steiner, Chairman, Department of Biology, 
Hillsdale College, ‘Hillsdale, MI 49242. Aj 
pliant, should alarze themselves with the 
ollege's Mission Statement (website: heep:// 
www hillsdale.edus/about/history/mission, 
aw tar eines Temea 
the mission, adiresing their interest and ability to 
teach in the context of a liberal arts environment. 
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EN 


CHESAPEAKE BIOLOGICAL LABORATORY 
Tener tack pshion with esearch foci nat 
icprochcmal Quy remtiay oor omen 
ot eateopogen oie desis 
Appice ac tvted Sor FACULTY memcr 
to deldop tng racarch aed grade teaching po 
fram that complemcats ety uly stengt to 
Svronmsal oskology an geochembry ahcir 
Sconce and ccmyncr tds Slat have ong 
ari ntractive,cllaborcve work. Target date 
prt: Octal 31,2007, Pll Joe 
dod Sppicaton inition at webete bn 
See Limes abe Ge Apia ame ot Oe 
a ere 


toed enconage women aad minors te apply. 


BRIDGEWATER STATE COLLEGE 
‘Website: heep:/ / www Jord gew.edt 
ASSISTANT PROFESSOR, DEPARTMENT of 
BIOLOGICAL STUDIES, TOXICOLOGY. The 
ostion requires helping the Department expand its 
omedical concentration by offening upper level elec 
tives in an area of toxicology, and one or more of the 
following: kcture and laboratory sections in cell bi 
‘ology, genetics, introductory biology courses, cr Bit 
Year seminars for majors and nonmajors. Also re 
‘quired are adhising seudents and supporting the De 
Prtment’s trong program in undergraduate research 
Wired minimum qualifications: The succesful 
‘candidate nist have an eamed Ph.D. by May 2008, 
nd excellent communication skils, Experience and 
Strong interest in teaching noomajors biology, uoer 
igraduate research, and an upper-level course in an 
area of toxicology are required. 
Preferred quaiications: Postdoctoral experience anal 
interest in bio education axtreach are prefered. 
Applicants should be stronghy committed to ex 
cellence in teaching and advising, and to working in 
4 multicultural environmen that fosters diversity 
They shouk! also have an ability to wie technology 
‘effectively in teaching and leaming, the ability wo work 
collaboratively, evidence of scholarly activity, and a 
‘commitment t public higher education 
‘Special instructions to applicants: Mease visit our 
‘career site and apply oodine, website: bs. 
fetgew ede: Sabet vcr of eecrarr aoe 
‘lac, statement describing teaching and esearch i 
teres, and names, address, and telephone numbers 
Df three professional references for ths position. Re 
New of appheations will continue until the position 
is filled. For more information about employment at 
College, please vist our website: 
= job 


Tae Tp pnty Epler eich acy se tine 
‘nase te diay of is wwefore 


‘The METHODIST HOSPITAL RESEARCH 
INSTITUTE 
Weill Comell Medical College 

Nowly extalished Laboratory for Imaging Cher: 
isry in Radilogy Department develops nove imaging. 
agents to seme molecular processes atd disexe related 
targets such as tumorigenesis, cardiovascular disease, 
infhmmation, stem cell biology, and gene therapy. A 
RADIOCHEMIST is needed to overlook good mars 
uficturing pracice (GMP) synthesis of PET agents 
for clinkal applications. Prior experience in GMP is 
required. Sacral POSTDOCTORAL POSITIONS. 
in peptide chemistry, bioconjugation, fluorochrome 
chemistry, radiochemistry and nano technology: are 
Sho siible. To appl, please e-mail curricular 
‘tae and contact information of three references t0 


De. Ching H. Tung at email: ctung@tmbsore. 


POSITIONS OPEN 


FACULTY POSITION for STEM CELL. 
EACULTY RECRUITMENT 
Department of Pharmacology University 
Mlinois a Chicago 

‘The Deparment of Marmacloy a the Univesity 
ef Minos Callege of Medicine (Chicago) is seeking 
‘Srdulstes for an ASSOCIATE PROFESSOR ot 
PROFESSOR sppointment in the fick! of tem cel 
elogy: Candidates should fave a Ph.D. ani /oe M.D. 
dlegree, an outstanding publication recon, and an 
Nitinded research program in any on these areas! 
(1) stem cel biology, inclu cancer stem ells; (2) 
regenerative medicine; (3) molecular aspects of stem 
«ell renewal /siferentation; (4) sem cell ase therapy 
‘The Department has strong research and taining pro 
rams (website: ht edu /depts, 

) ant con the top a 

Tonal. The suecestid canduate wil have extensive 
fpportunitis for intendaciplinary elaboration, ard 4 
Hal compeiive strip package wil be offered. Ap 
flleaions will be sereened up to December 1, 2007, 
Mention avalable July 2008. eae send by €-mull a 
single PDF fe containing (1) curiam vita, (2) 3 
Suenmary of major research accomplishments and 
ture research plan, (3) names, addreses, and © a 
dukiresses for three erences wo Aen: APOOL Search 
(emait a), Department of har 
macology fy of Illinois at 
Ghigo, College of Medicine, #35. 8. Wolcott 
Avena, Room F403, Chicago, TL 60612, ( 
‘a Afimnae Aone Chyomnty Hipp 


Mage POSTDOCTORAL ASSOCIATE PO- 
SITIONS in microlvology are prexraly 
School of Life Sciences at Arizona Sate 
to study (1) microbial dversty and adap 
‘haere sod comnts, (2) mdecdor geet 
tnday mcaudies, (3) enrages 
SS Wereactr cammuniie, (4) penomic mabe of 
tmicrobe mineral interactions and (3) metagenonse 
Fronpecting for Wolydrogen prion, al wth par 
cal mphais n cyarnbacterl ster 

‘Candidates muse have eared PhD. in miro 
biology ara related, appropriate i a the ime 
AppoununentEapericmve with genomic anaes and 
imelecular biology is eguie or ll extn Stare 
i ies mena Year canadien 
Considraton, Cempetive tay and bene package 
Innere candidate sbouh! send cover eter sunana 
‘ing quaifeation, eperence and interes, poiion 
fecfrcnce, cnicukin tt, up othe repeactathe 
Foy, and ames address and mal addres of 
three relaence tw Dr. Beran Garsa: ide, School 
of Life Sciences, Arizona State Univenity, P.O. 
ox 874801, Tempe, AZ. 85287-4801, Llewonc 
sisson af acest (ema: eran aed) 

‘ton deadline & Nove TS, 20061 

fs techy nl seach cone sas Sa Cs 

teat sar Arnab Acton /igad Orpray Eophp 


The Department of Bil nces at Rowan 
Uiversity ha an opening ne profesion 
al salt piton to sone ss PRE-PROPESSIONAL 
ADVISOR. The esponsblties of this poston tn 
Gude advising undergraduates intersted in applying 
to matical school oF entering other health profer 
Saw and acting at 3 anon tthe admissions ofces 
cf medical schols and other profasional hols In 
‘skin, the suoceail caddie will tech one ere 
per ecmoster inthe Department: A strong interest 
Io and commitment to, excellence in undergraduate 
csducaon is vequred. Applicants should havea PhD, 
fe some area of biciogy or an equivalent medical 
dlgree: Applicants shoul! submit curicalum 
Statement oo teaching and adbsing, contact i 
‘maton for three references, and copies of grade 
ttameipes tor Luke Holbrook, Chain, Bologial Sc 
no, Rowan University, 201 Mutiiea Hill Road, 
Glasboro, NJ 08028, or clectronicsly to emai, 
bolbrook@rowaneda. Review of sppicatons wil be 
Br Octobe TS, 7007. For more information on this 
FRtion, go to website hepi/ /wow rowan 
jobs 


aww sciencecareers.org 


Featured Employers 


Search ScienceCareers.org for job postings 
from these omployers Usties updated 
three times a week. 


Abbott Laboratories www.abbott.com 


‘Amgen www.amgen.com 
Elan Pharmaceuticals www.elan.com/careers 


Genentech www.gene.com 

Invitrogen www.invitrogen.com/careers 
Kelly Scientific Resources 
www.kellyscientific.com 

Novartis Institutes for BioMedical Research 
www.nibrnovartis.com 

Pfizer Inc. 

www.pfizer.com 

Philip Morris 
www.cantbeattheexperience.com 


Pioneer Hi-Bred 
eJournal scence RNAAAS 


www.pioneer.com 


you would fke tobe 2 
featured employer, cal, 
202-326-6543, 


COURSE 


Practical Course on Genetic Engineering 


of the Mouse Genome to Understand 


Human Gene Function and Disease 


January | 1-21, 2008, in Valdivia, Chile 
Centro de Estudios Cientificos (CECS) 


Applications are invited for an international course 
for graduate students, postdoctoral fellows, and 
junior faculty 


This intensive advanced course is for scientists 
working in the field of genetic engineering of the 
‘mouse genome. International authorities on genetic 
‘engineering and local investigators will cover general 
strategies and emerging approaches to develop 

and study transgenic and mutant mouse models. 
‘Conducted in English, practical classes on the creation 
and analysis of transgenic and mutant mice will 

be held in the mouse barrier facility of CECS and 

its laboratories. 


Application deadline: October 25, 2007 
More information: www.hhmi.org/grants/courses 


‘Sponsors: Howard Hughes Medical Instkute ond 


Centro de Estudos Gentifics 


— 
Panacos 


Senior/Principal Scientist ~ Virology 
Panacos Pharmaceuticals is a cinical-stage, 
public biopharmaceutical company engaged 
in the discovery and development of novel 
therapeutics for HIV and other serious vial 
diseases, We are currently seeking an expe- 
rienced virologist at the Seni 

jntist level to join 
Gaithersburg, MD. The s 
will be responsible for characterizing the 
activity and mechanism of action of novel 
antiviral compounds discover 
the company’s HIV maturation inhibitor pro 
‘gram. The individual will aso provide elini- 
cal virology support to the company’sclinical 
programs and may contribute to additional 
antiviral peograms as the company expands, 
Requirements include a Ph.D. in a biologi- 
cal discipline with a strong background in 
virology, excellent communication skills, 
and excellent skills in molecular biology, 
biochemistry, and cell biology. Preference 
will be given to candidates with relevant 
postdoctoral experience, especially those 
‘with experience in antiviral drug discovery 
development. Experience managing other 
researchers a plus. Individuals with a back 
‘ground in retroviral assembly maturation and 
experience working with HIV are strongly 
encouraged to apply. Responsibilities, title, 
and compensation commensurate with expe- 
rience. Send resume to: hr panacos.com or 
fax 617-923-2529, 


AWARDS 


Harold M. Weintraub 
Graduate Student Awards ~ 2008 


The Fred Hutchinson Cancer Center is secking 
nominations for outstanding Graduate Students 
for the Harold M. Weintraub Graduate Student 
Award to recognize outstanding achicvement 
‘during Graduate Studies in the Biological Sei 
ences. Awardces will participate in 9 scientific 
symposium honoring Hal Weintraub and his 


The ninth anowal Award Syrmposiue will be bold 
May 2-3, 2008, Graduate Sudent Awards will 
be seetod from among those nominated on the 
tasis of qual ty, and significance of 
theie work, as well as to represent adiverse range 
‘of research topies. The Hutchinson Center Wein- 


fing scho bes, wil 
Student Awandecs 


‘Onc nomination may be submited per Department 
‘or Program. The nomination should be submited 
by the Department or Program Chairperson and 
include the student's CV, & one page description 
of thethosts work conducted, anda recommenda 
tion letter from the student's mentor. Additional 
informatien conccrning the Aw an and nomination 
Process can be found atthe website listed below 


The nomiation should be submited ONLINE by 
December 1S, 2007 ~ following the instructions 
at the webst ym ww. there.org/science! 


CONFERENCE 


Conference on 
Biology and Politics 


WSF Funded 


Host 
University of Illinois at 
Urbana-Champa 


March 7-8, 2008 


orities, junior fa 


and advanced graduate students are 
to initiate conespondence, 


Foroend ing 
Ira H. Carmen, 

Department of Political Science 
icarmen@uiucedu 


Gene E. Robinson, 


Department of Integrative Biology 
generobi@uiue.edu 


ILLINOIS 


hhasie/weintraub/ 


‘Questionsregarding his Awan! shoull beaddresed 
Susan Parkhurst (susanpa@fhere.ory), 


6 
2 
5 
a 


areers 
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POSITIONS OPEN 


NAVAL RESEARCH LABORATORY 
Nanoscience and Nanotechnology 
The Research Santis selec fr this crplotnent 
opportunity wil join a dsene group of pa, 
‘uhesatcan, chen, aid ctl aod chai 
Cragncrs esporing new nano‘bicaion approaches 
‘tng tin Him msneah to cree age scr 
Couple sano mechanical raoesters, alg te 
‘iymamic mechani, cato-opc, and taper prop 
tne, and expoking aich Maine for new deve 
tecnologe, Caniulucs shold apply who ave 3 
strong background and inert in the area of ano 
Science aa tan technogy a8 related to the design 
Ind conduct of ate ofthe art measurements tated 
the dati, et optiy and wanspeet prope of 
‘sting, emerging, and fire mano staatne, pie 
Si thene ef alkcon and dona implemented 3s 
lange ana of coupld nano mechanical resonate. 
he capermentl sues would imelve optical pure 
ig and thera hrc deve tenis, meson 
tft partes that conta the ch ponte and 
transport properie ofthe ary, and cari ma 
Stement at ow and ules tow tempera 
Ths, postion wil be Sik a Caer Level 1 
(eg G14 15), Saya be rind 
basal upon sccie's badgmitnl, experienc, 2 
‘market comidratons : 
tuneement pens October 1, 2007, al cones 
cree 31,3007 
‘Aliant are cacouraged to vie the websites. 
Forth applicants wih tatu current gone 
‘ent employees on s competive earcer Or carer 
ondional appoinuncoy, einatement lige, 
Vercrans Emiloyment Opporuniecs Ace digi, 
et cet) apply to vacancy announcement mime? 
NU7-1310 04 K9675006-1. For applicants without 
aus, apply to sacaney announcement number 
NUP aNd 04 NRLOOLS DE 


fpumber and press enter to obtain qs 
information and instructions an how to apply 

The Naval Reseach Labiatry + av El Opportndty 
ployer. 


The NCI designated Cancer Centro the Wormharn 
losttte for Medical ewan seeks independent 
ier wh exec ogame cancer 
Individuals a any career level, bu expecially 
re eiourag wo py Baraat 
ers an owtanding and highly collaborative re 
Supported by 3 wide range 

Shared resources, For more deta vt out web 
inp: Zwwrw.burnbam.org. lelormalingsires 
ld Ge et To ppp Cancer Caner Prox 
sgrim Directors To apy, fesse lt cars 
{Setand research summary clcronkally by November 
1, 2007, w e-mail ereruleburahant.ong. Cans 
dite should arrange wo ive three Krier of rence 
Seat by email cereerig@bumhamorg or reir 
foal to: Cancer Center Recruit Comimittes, c/o 
Krisiina Vuork M.D., Ph.D, NCI Cancer Centr, 
Burnhans Inadate for Mticl Research, 10901 
Nomth ‘Torrey Pines Rond, La Jolla CA’ 92037. 

Lipa Opera ply ona at 
ANATOMY and CELL BIOLOGY 

the Deparment of Anatomy’ and Cell Biology, 
Indiana Uaiventy School of Medic, inves app 
‘atone fi upto two teu ack fad pain at 
the ASSISTANT or ASSOCIATE PROFESSOR 
levels anti July 2008, The sic aplicant il 
tive an ace resarch program prefaby in sch 
seas an stroke /ercbral chem, spinal cord regen 


eration /repuie, skeletal Liology, or pobystic Kalney 
for renal stone disease, Teaching in megieal neuro 


ctronically (PDF format) by December 
. 2007, to: Joan Charlesworth (e-mail: jocharle@ 
inpoleda). dfirmativeActon/ Equal Oppernty Employ 
‘er: Minit: Female /Povons with Diss. 


1982 
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POSITIONS OPEN 


FACULTY POSITIONS in BIOLOGY 
“The University of Washington 

The University of Washington's Department of 
Biology has two open tenure-track faulty positions. 

fe welcome applicants in both core and interdis 
siplinary areas of biology but have particular interest 
in areas of cellular, molecular, and physiological lev 
cls of organization in plants ce anima. A record of 
‘outstanding achicement, 2 promising research pro- 
fgram, and a commitment to teaching are more 
Important than the specific research area, Our con 
solklation of Botany, Zoology and Undergraduate 
Biology Program into a singe unit expands oppor 
tumities for pew projets and intentsciplinary wit 

ves Information about the Department i avaiable a 
website: hetp://www.biology.washington.cd. 

Annee athe ASSISTANT: PROFES. 
SOR’ rank are anticipated. Appointments at the 
ASSOCIATE or FULL PROFESSOR rank may 
be considered for candidates who have demonstrated 
2 commitment to mentoring underrepresented stu 
‘dents in the sciences, Applicants must have eamed 3 
Doctorate by the date c@ appointment 

Please apply 


frames of at least thrce references. Applications re 
ceived by November 1, 2007, will be ven priority 
University of Washington faculty engage in teach 


ter, curriculum vitae, samp 
research and of teaching interests, ana 


reprints, 


ing, reearch, and service. The University of Washing 
ton, a recipient of the 2006 Alfred P. Sloan awant 
for Faculty Career Fexibility, & committed to sup 

The Unie 


Ponting the work life balance of is faculy 
Penny bailing 4 cbtnaly dive fant 
wdly 
ileal ut 


ASSISTANT/ASSOCIATE /FULL PROFESSOR 
(VIKOLOGIST/TENURE TRACK) 
Department of Biological Sciences 
The Deparment of Biolog Since at Loui 
State Unieniy, website: he / wore btlogy as, 
Sis nec epcaions tor ot heaton 
{FaP rotor (irc /temare track) potion. RE 
Auired quakfcaionc PRD. or equivdent depen 
Holgcl scence or a rece Seb, pondoctord ex 
Jovtene, record of crcatve and apritont vacarch 
fared, and/or hone respon Ne 
sevmitince develope geoan,eatramaly fund 
Toearch program and contribs to undrgrauste 
Sd yaduate teaching. Sry’ kel are comin 
strate with experience. An oft of cnphymen 
Comingent' on a saifatary pre cmplnmnent back 
tgound check. Apphcation denline & Nencesber 1, 
3007 oe unl 2 andidte eect, Send cuca 
‘ioe (lacking e mal aden), watemer of rscarch 
Sd weahing intrest, three kite of recommendation 
an epits of key pbiations ter 
Depatenelt of Biologia Ste 
meat of Biol ences 
"202 Life Sencee Building 
Louisiana State Universit 
‘Reference: #023966, 
Bato Rouge, LA 70803, 
LSU a Equal Oppo Arcs Epler We 
cone apples foo wware and 


FACULTY POSITION 
DEPARTMENT CHAIR, 

Secking applications for Department Chair posi 
tion at the rank of FULL PROFESSOR in the 
Department of Biological Sciences, California State 
Univenity, Long Beach starting fll 2008; see 
websit seww.csulb edu /divisions/ aa, 

wnnel jobs /ensm oc http: / /wrew.csulb.cd7 
Pee ee 
information. Application review begins on Novers 
ber 2, 2007. CSULE & an Egud Opparimty Employer 
‘nnmited ts exllence Hoougl diesity, a sks pide ts 


POSITIONS OPEN 


ANIMAL PHYSIOLOGISE 
‘ASSISTANT PROFESSOR 

A tenure-track opening for an Animal Piologs 
i Saab in the Deparment of iological Scenes, 
5 Detial Caveniey string Sepeemibe 2008, Sc 
Ses candidate will be broadly tse i animal 
Fvablogy with a sirong commitment to under 
Gadus ciuction. Al sibdacpiner and nial 
fall satems wil be comidered. PRD, required, 
postdoctoral and previous teaching experience 
referred. Teaching reponse to ace some 
Eomttnation of treducory biology fir non 
fas cnteching on ue of man lo, 
{5 ssquence for majon: sera ys a 
Sadan advanced undergraduate course 0 ea 
Siine's area of expertie® Stanup funds ate pro 
Sided. The Deparment howd in 2 spac and 
Stal cqugpet teaching, seach, and stppon Fal 
1), incallng » 2,000" sjoare Kcr, sate of the a 
Sal animal cae faci. Review of appctions 
‘rl begin, November 1, 2007, and wil continue 


until position is filled, Tease send: curriculum vitae; 
three’ letters of reference; statement of research, 
interests; statement of educational ph 


ical Sciences, DePaul University, 2325 N. Cliftor 
Avenuc, Chicago, IL 60614. Auditional inquiries 
to above adress, or fax: 773-325-7596; e-mail: 
The Depart of Bisa! Si 
aly. We onowrage appions fo 
‘voy, and the member of eter stony 
soups. DePaul University commited 
Aoyagi tv elacaion and empoyme 


ASSISTANT PROFESSOR, University of Cali- 
fornia, Davis, Tenure track ficuty position associ 


or Health Initiative in 
Department of Chemical Engineering and Materials 
Science and Department of Food Science and 


Testy in tance ence ore 
ah, blophoxoni, food egncering, bochemstry, 
Gea related eld Applcnts ae expect to hol 
hein arlene ates. Ap a webs 


ion, submit applications no later than December 
2007. Start date of July 1, 2008, UC Davis ie a 
Afrmatve Action/Egal Eamployment Oppotity Eph 
laud dedatal ts wsaing deve acy community. We 
ttekome all quaiiod pcan 10 apply, lading wow, 
Iminsais,wiradnals ath abies id tase 


Get your questions answered. 
Careers Forum 


www.ScienceCareers.org 


MARKETPLACE 


Immunochemical Reagents 
‘tHapten Reporter Groups and es 


Wide Selection of Conjugates: 
“Proteins/Sepharose/Fluors/FICOLL 


BIOSEARCH — +1,800.GENOME.1 
TECANOLGGIES — awbtinmune.cOm 


Free shipping for 20+ reactions. 
High throughput. Direct sequenc- 
ing from bacteria, phage, genomic 
DNA, PCR products, hairpin, etc. 

SSS.deb wenn om 


aww. sciencecareers.org 


Novel drug developed 


in record time 


New ONE-Glo™ Reporter Gene 
Technology Simplifies Gell 
Signaling-Based Discovery 


Development of mechanism-based medicines requires 
an understanding of the cell biology behind disease 
processes. Reporter gene assays from Promega have 
been helping researchers discover new drugs for over 
15 years. ONE-Glo uses next-generation technology 
based on a fluoroluciferin substrate to produce reporter 
gene assays that are brighter, easier and more stable. 


(ONE-Glo reagent provides resistance to potential 
lucierase assay inhibitors 


ak 


Relative Luminescence (%) 


if 


ONE-Gio™ Competitor — 
Reagent | “brite +" reagent 


Luciferase activity in the presence of 10yM resveratrol . 


For details, and to qualify for a FREE SAMPLE, 
visit promega.com/reportergeneassays 


2067 Pomgatoprate. 1080 10.8 


E-Notebook Enterprise 


Chemistry, Biology, Process & Compliance Management 


CombiChem 21CFRIT 


Planning - E-Signatures 


Research Notebooks at your fingertips 


E-Notebook Enterprise edition integrates notebook keeping at group 
and enterprise levels to promote lab productivity and information sharing, 
Oracle Cartridge manages chemical structures in a common data repository with 
derailed security and 21CFRII Compliance. The enterprise edition also works 
with procurement and inventory management systems to save time locating 
chemicals and entering structures. 


E-Notebook Ultra is the efficient, accurate way to write lab notebooks 

entries as you work. It stores MS Office documents, ChemDraw structures and 

reaction drawings, and related data in an electronic notebook you cin search by 

text or chemical structure. Organize pages by project, experiment or customize 
with MSDE database. CombiChem/Excel builds combinatorial libraries. 

E-Notebook Ultra $590 

E-Notebook Enterprise $8,600 


E-Notebook: Comprehensive Integrated Corporate Knowledge 
Management for Research & Discovery 


RESEARCH & 
DEVELOPMENT 


CHEMISTRY 
RESEARCH 


APPLIED 
‘BroLoGy 


AwaLYTICAL 
SERVICES 


SAMPLE 
MANAGEMENT 
& 


aS 
Compbonce 


Pree) 2) LEE] 
& Chemistry Sovening Exeation 
i 
Tals & Process Vio ‘Metabolism & | [Lifecycle 
Manufacturing] | Chemistry Experiments | | Pharmocckinetis| | Management 
Configured to Individual Function Workflow Requirements 
for Development, Trials & Manufacturing 


www.CambridgeSoft.com Germany 49 69 2222 2280 
America 


1 800 315-7300 
00 800 875-20000 


33 17071 98 80 
0120 146 700 


France 
Japan 


Europe 


Y Download Free Software hep://FreeSW.SciStore.com 
Y Requesta Free DVD heep://FreeDVD.SciStore.com 


= 


US 1 900915-7300 INT'L 1.617.586-9300 FAX 16175869990 EMAIL @contnidymch com 
EU 00600 875 20000 UK +441723.454700 JP 0120 145 700 WWW wwwcombridgechcon 
[MAIL CombildgeSclt Corporation 100 CombridgePark Drive Cambridge, Mosscchuset 02140 USA 


ChemOlice, ChemDraw, BioOfice, BloDraw & ChemBiofinder are wodemorks of CombridgeSok Corporation ©2007 


400 Phy 


SQL Server - Oracle Cartridge 


Also Available: 


ChemBioOffice Ultra 0B $1,490 
A fully integrated suite of drawing, chemisiry, 
biclogy ond knowledge software for scientists 
Includes  ChemBioDraw, — ChemBio3D, 
ChemBioViz, BioAssoy, Inventory, ChemACX & 
ENotebook. 


‘ChemBioDraw Ultra 11.0 $990 
With 500,000 users worldwide, ChamBio Drow 
is the stondard structure drawing softwore. 
Ultra includes Struct=Nome, ChemNMR, 
‘ChemDraw/Excol & ChemFinder/Office. 
ChemBio3D Ultra 11.0 $590 
‘Molecular modeling with MOPAC & GAMESS 
cond interfaces to Gaussion & Joguar. 
BioOffice Ultra 08 $890 
Integroted suite of biology and knowledge 
software, Includes BioDraw, BioAssay, 
BioViz, Bio3D, Inventory & ENotebook. 
BioDraw Ultra 11.0 $390 
Draw your biological pothwoys with 
membrones, enzymes, receptors & DNA. 
BioAssay Ulira 11.0 $590 
‘Manage high and low throughput biological 
screening dota, setup models, culomated 
calculations ond curvefitting, 
Inventory Ultra 11.0 $890 
‘Manage your compounds and reagents, 
‘ChemACX database includes 450 catalogs. 
Ultra includes Inventory & ChemACK. 
ChemACX Ultra 11.0 $490 
Over 450 catalogs, 690,000 products & one 
million SKUs from leading chemical suppliers. 
fed US. 
eripion, 


Buy & Save 
Online! 


2 @> = 
CambridgeSoft- 


www.cambridgesoft.com 


Al prices 


